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ROLE OF NATIONAL LABORATORIES IN SCI-
ENCE, MATHEMATICS AND ENGINEERING
EDUCATION

MONDAY, MAY 15, 1989

HoUSE oF REPRESENTATIVES,
CoMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY,
SUBCOMMITTEE ON ENERGY RESEARCH AND DEVELOPMENT,
Washington, DC.

The Subcommittee met, pursuant to notice at 10:13 a.m., at the
Hamilton County Bicentennial Public Library, Chattanooga, Ten-
nesg;_, Honorable Marilyn Lloyd (Chairman of the Subcommittee)
presiding.

OPENING STATEMENT OF HON. MARILYN LLOYD, CHAIRMAN,
SUBCOMMITTEE ON ENERGY RESEARCH AND DEVELOPMENT

Ms. Lioyp. The Subcommittee will come to order. Good morning,
ladies and gentlemen, thank you for being here.

Today we stand on the brink of a crisis. As our technological ad-
vancements and developments occur faster and faster, we as a soci-
ety struggle to come to terms with the moral and policy implica-
tions which arise from our technologies. But while technology ad-
vances, we are also experiencing repeated serious declines in en-
rollments in science, mathematics and engineering fields. Students
are choosing other careers. This trend threatens the entire scientif-
ic community. The students today are the scientists of tomorrow.

We have all seen how fast technol has advanced, and the
prospect of having a shortage of qualified scientists coming into the
research environment is frightening. Science academies and asso-
ciations, educators, researchers and yes, even Co are all ex-
amining this issue. Some are looking for solutions for their psrticu-
lar disciplines and others are looking for broader answers.

_The Department of Energy and National Laboratories recog-
nized this problem, saw its potential impact on their activities and
set about to take action. They recognized too that there is a large,
untapped well of students, women and minorities, and designed
pr%,rama and criteria to lure these students into scientific fields.

e DOE Lab and personnel and other ple created programs
for all grade levels, as well as unde uate programs. But an-
othe:eguesﬁon remained. How do we reach the most kids with the
limited resources. One way is to reach the teachers. The National
Laboratories then created summer programs for science teachers of
all levels to give them practical Ktbomtory experience and new
ways to present information. In addition to long term professional
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support for the teachers, some of these programs also provide
teachers with additional course materials for use in classrooms.

Today, we are going to hear about these programs from the De-
partment of Energy, from Labs, from the outside organizations who
will develop and administer them, from teachers who face a lack of
resources and materials as well as a lack of interest on the part of
students, from other educators and from students who are current-
ly participating in Department of Energy and Oak Ridge National
Laboratory programs.

This Subcommittee is interested in learning the goals of the vari-
ous programs and their effectiveness. We are eager for recommen-
dations and suggestions for improving and expanding this impor-
tant role of the National Laboratories and how we, as legislators,
might best assist their efforts. _

1 want to welcome everyone here today. I think this promises to
be a very interesting day, a very profitable one, but before we do
call our first witnesses, ] want to recognize my colleague, Congress-
man Steve Schiff from New Mexico, for his opening remarks. And I
must tell you that this is one of the hardest working members on
my Subcommittee. When we went to Illinois for field hearings he
was there, he’s going to go out west with us for some more field
hearings and 1 wish everybody on the Committee worked as hard
as you do, Steve, and I want to give you a real big Tennessee wel-
come today.

Mr. Scairr. Thank you very much. First to be official, Madam
Chair, 1 have some prepared remarks that frankly echo your ¢wn,
which I would ask be incorporated into the record. They are al-
ready in the notebook.

Ms. Lroyp. Without objection.

[The prepared opening statement of Mr. Schiff follows:]

b
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OPENING STATEMENT
HON. STEVEN SCHIFF
HEARING TO EXANINE ROLE OF NATIONAL LABORATORIES IN
SCIENCE, MATHEMATICS AND ENGINEERING EDUCATION
NAY 13, 1989

MapAM CHATRMAN, | AN PLEASED TD JOIN YOU THIS MORNING TO WELCOME
OUR DISTINGUISHED WITNESSES AND HEAR THEIR TMOUGHTS ON THE ROLE OF OUR
NationaL LABORATORIES IN SCIENCE EDUCATION. TH1S SUBCOMMITTEE IS
ALWAYS SEEKING WAYS TO PROVIDE INCENTIVE FOR COLLEGE STUDENTS TO
PURSUE CAREERS IN SCIENCE AND ENGINEERING, AND TO IMPROVE THE OUALITY
OF ELEMENTARY AND SECONDARY INSTRUCTION IN SCIENCE AND NATHEMATICS.

IT IS CLEAR THAT WE NEED TO CONTINUE OUR SUPPORT IN THESE AREAS.
LAST YEAR, THE NATIONAL SCIENCE FOUNDATION REPORTED THAT LESS THAN 20%
OF HIGH SCHODL SOPHONORE WERE INTERESTED IN CAREERS IN NATURAL
SCIENCES AND ENGINEERING., |7 IS ALSD TRUE THAT ONLY 5 OF THE
STUDENTS WHD GO TD COLLEGE RECEIVE BACCALAUREATE DEGREES IN SCIENCE OK
ENGINEERING; THAT LESS THAN A THIRD OF YHEM CONTINUE THEIR TRAINING;
AND THAT ONLY A ODUARTER OF THOSE WHD DO EVENTUALLY RECLIVE THEIR
DOCTORATES. WITH THIS TYPE OF ALARMING STATISTICS, IT IS5 INDEED
TIMELY FOR THIS SUBCOMMITTEE TO RECEIVE IDEAS AND RECOMMENDATIONS ON
HOW WE CAN INPROYE THE QUALITY DF SCIENCE EDUCATION AND THE
EFFECTIVENESS DF TMESE PROGRAMS 1N OUR NATIDNAL LABORA"ORIES.,




OUR NATIONAL LABORATORIES HAVE BEEN DOING A MARVELOUS JOB OF
EDUCATING AND TRAINING SCIENCE TEACNERS AS WELL AS STUDENTS. THis
SUBCOMMITTEE, UNDER YOUR FEARLESS LEADERSHIP, MADAM CHAIRMAN. MAS ALSO
DENONSTRATED OUR SUPPORY THROUGN AUTHORIZING ADDITIONAL FUNDING FOR
BASIC ENERGY SCIENCES AND UNIVERSITY RESEARCH SUPPORT YEAR AFTER YEAR.
WI1TH CONGRESSIONAL FUNDING, OUR NATIONAL LABORATORIES HAVE BEEN ABLE
TO PROVIDE THE TRAINING GROUND TO UPGRADE THE QUALITY OF OUR SCIENCE
TEACHERS, AND ALLOW STUDENTS TO CONDUCT THEIR RESEARCH IN TOP-NOTCH
LABORATORIES FOR THEIR THESES AND DISSERTATIONS.

THIS NATION'S SCIENCE AND TECHNOLOGY EFFORTS ULTIMATELY DEPEND ON
AN ADEQUATE SUPPLY OF MIGHLY-TRAINED AND EDUCATED PEOPLE. WE MUST
CONTINUE TO ATTRACT MORE STUDENTS TO THE STUDY OF SCIENCE,
ENGINEERING, AND MATHEMATICS, THEREBY STRENGTMENING TME LEADERSHIP OF
THE UNI1TED STATES IN THESE AREAS. WITH THAT SaiD, | LOOK FORWARD TO
HEARING FROM OUR W1INESSES TODAY,
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OPENING STATEMENT OF HON. STEVEN H. SCHIFF. MEMBER,
SUBCOMMITTEE ON ENERGY RESEARCH AND DEVELOPMENT

Mr. ScHiFr. | just want to take one moment to say that I am the
newest member of the Subcommittee on Energy Research and De-
velopment. 1 was elected to the United States Congress last Novem-
ber, so this is my first year. I solicited an appointment on the Sci-
ence, Space and Technology Committee and on the Energy Re-
search and Development Subcommittee for two reasons. First of
all, we all represent districts, and in our district as in this area,
you have Oak Ridge National Laboratory here, it is an important
part of the area—] understand it is not precisely in the district, but
it is important in the area. I have Sandia National Laboratory in
my district and Los Alamos National Laboratory not very far
away. And therefore, this is of interest to the community.

But even more important than that, I think these facilities are
important to the Nation. I do believe that the ultimate future of
cur Nation lies in Science and Technologg. I think that if we are
going to be successful, that must start with the education of young
people and the direction of young people towards careers in Science
and Technology. And that is why 1 am looking very much forward
to this particular hearing.

One last word I would like to add because it is deserving since I
am in Mrs. Lloyd's district. As gou are probably aware, Mrs. Lloyd
is a Democrat and I am a Republican and we are both call it as we
see it voters I have noticed on the House floor. But nevertheless,
we do sit on opposite sides of the aisle. What 1 think you should be
aware of is that on the Energy Research and Development Subcom-
mittee, there is no such thing as Republican and Democrat. There
may be a place somewhere for differences along party lines per-
haps, that has never shown itself in our work. All members are
treated equally and all of their ideas and thoughts are given equal
consideration, and 1 just wanted to say 1 personally very, very
much appreciate that.

Ms. Lroyp. Thank you. It is a delight to work with you and to
have you here.

Before we begin some hearings, I think maybe we should estab-
lish some ground rules. We do have a lot of witnesses today and we
do want to finish by four o'clock. I think the library says we have
to get out about four o'clock and we want to—we appreciate the
library allowing us to use their facilities and we want to abide by
their rules as well. So we are going to ask that you limit your oral

resentations. If you can hold them to about ten minutes it would
appreciated. And we do have your prepared statements in their
entirety, they will be made a part of this Congressional hearing.

Certainly our first witness today is no stranger to this subcom-
mittee, she is a good friend of ours, she is a great person. She is
representing the Department of Energy, Toni Joseph, and she is a
Director of the Office of Field Operations Management, a very tal-
ented lady. Ms. Joseph oversees both the University programs and
the lab management programs, which includes the internships and
the fellowships. We do welcome you to Chattan . Your entire
(s:tea;iement will be made a part of the record, and Toni, please pro-
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STATEMENT OF ANTOINETTE GRAYSON JOSEPH. DIRECTOR OF
FIELD OPERATIONS MANAGEMENT, OFFICE OF ENERGY RE-
SEARCH. U.S. DEPARTMENT OF ENERGY

Ms. JoserH. Thank you, Madam Chairman and members of the
Committee.

1 do appreciate the opportunity to appear before the Subcommit-
tee to discuss the Department of Energy's science education pro-
ﬁmms. Secretary Watkins sends you his regards. As you know, he

as been personally involved in the area of training America’s
young geople for some time. In his testimony before Cgﬂm. he
stated his personal interest in and his commitment to ing sig-
nificantly greater progress in improving science education, espe-
cially at the precollege level and especially for minorities and
women.

We in the Office of Energy Research in DOE are committed to
our science education programs, which are a very important part of
the Department’s overall mission. Because of our unique laboratory
resources, the Department has the ability to help nurture young
scientific talent in this country in a very special way. We are also
especially proud of the fine work being done here in Tennessee at
Oak Ridge National Laboratory and at the Oak Ridge Associated
Universities. As igg will hear from other witnesses today, they
have some of the best programs in the Department’s science educa-
tion effort.

Based on the fan mail we receive about the Department’s science
education programs, both from students and from teacher partici-
pants, the Laboratories are ‘“awesome”, the science is exciting and
the geople are wonderful. We are proud of our program and the
people in the field who carry them out.

nder the new Administration, we have a renewed scnse of pur-
pose and enthusiasm inspired by a Secretary who is dedicated to
making a difference in science education. The Secretary has al-
ready asked us to re-examine our current programs in science edu-
cation to see what changes should be made to even more effectivel
involve DOE in the national effort to strengthen the Nation's sci-
ence education system.

I would like to comment only very briefly on some of the region-
al outreach and volunteer activities going on across the country,
since edym.x have a number of witnesses today who are directly in-
volved in these outstanding efforts. As you requested, I will also
very briefly summarize the current programs sponsored by DOE in
precollege and university-level science education. All of these pro-
grams make effective use of the unique resources and capabilities
of the Department's National Laboratories, both the energy re-
search laboratories and the defense laboratories, and the affiliated
university consortia. They have as a major focus providing opportu-
nities for hands-on research experiences.

DOE has had a long tradition of concern and support for science
education, going back to the very earliest days of the Atomic
Energy Commission.

The focus of DOE support has traditionally been at the graduate
and postdoctoral levels through the funding of university research.
This includes support for participation of 3,500 to 4,000 graduate

iu:
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students in DOE research projects each year. In recent years, in-
creased funding has also been provided for precollege and under-
graduate-level science education programs.

The Department is acutely aware of the problems that Congress-
woman Lloyd mentioned, and that continued progress in R&D
strongly depends on the quality and the quantity of human re-
sources that are available in the fields of science, mathematics and
engineering.

e current demographic trends portend a declin.ag college en-
roliment in areas that are critical to national competitiveness and
to the DOE's mission. A concomitant trend shows a decline in the
quality of science education in our schools and on U.S. student
scores on internationa: science achievement tests. Recognition of
these problems, or as the Secretary calls them, challenges, has led
the Department to broaden and to increase its efforts.

The DO National Laboratories and research contractors are es-
sential to the Department’s ;,:‘mgrams and to its support for science
education. The activities of these laboratories already cover a spec-
trum of science education programs from elemen school to
postdoctoral research. This spectrum includes outreach to young-
sters to stimulate and nurture interest in science, special programs
at the uprer precollege level to give students and their teachers a
taste of "live science” and intensive hands-on research experiences
for university students and faculty.

DOE support for science education includes a vast range of vol-
unteer and informal assistance. Thousands of DOE-supported scien-
tists and engineers volunteer to assist local schools and wllm
every region across the country. Over 200 informal volunteer-
science education activities, including in-house tours, visits and
demonstrations at the laboratories for elementary school students
and teachers, direct classroom instruction and assistance at local
schools, science fair sponsorship and judging, teacher workshops,
teacher institutes, research participation programs, and a number
of special events for things such as the National Science and Tech-
nology Week celebration, characterize the activities of the Labora-
tories.

Ouak Ridge has outstanding efforts in these areas with inspiri
acronyms like CHALLENGE, PALS, STRIVE and special targe
programs in support of the historically black colleges and universi-
ties. I am sure you will hear about all of them in detail.

One of the unique efforts at Oak Ridge has an unpronounceable
acronym. It is the Ecological and Physical Sciences Study Center,
or EPSSC, which reaches students and teachers from elementary to
Junior high and high school, involving them in hands-on learnin
experiences in environmental science. I understand that over 9,
students and teachers from eight East Tennessee counties partici-
pated in the Center’s activities this year.

Other outreach activities include DOE participation in the
annual International Science and Engineering Fair, and the Presi-
dent’s Adopt-A-School program. Saturday Morning Physics has
been duplicated throughout laboratories and universities thanks to
the initiatives of Leon Lederman at Fermi Laboratory. The Depart-
ment also provides excess DOE-owned laboratory research equip-
ment to universities, colleges and other non-profit institutions.

i1
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DOE laboratories also provide a broad array of technical assistance
and support, especially to small refional colleges and universities.

The Department's current precollege science education p
focus on encouraging more young people to enter and to stay in the
science and engineering manpower pipeline, and on strengthening
the capabilities of precollege science teachers, which you expressed
as one of the most important parts of our program, and also one of
the newest, as well as on strengthening the capabilities of those
teachers to motivate and to excite young students about the oppor-
tunities and challenges of scientific and technical research.

The prefreshman engineering program provides support for
summer enrichment w:r%:sht)ps on engineering and related subjects
for women and minority seventh to tenth grade students. As the
demographic data tells us, these will be by far, the majority of en-
trants into the new work force in the year 2000. Over 2, stu-
dents annually participate in PREP projects located at campuses
across the country, which are jointly funded by the private sector.

A high school student research apprenticeship program is carried
out at many DOE National Laboratories and is designed to moti-
vate freshman and sophomore minority high school students to
pursue science or technical careers.

The DOE high schoo! scicnce student honors research program
ﬁmvides selected science students an opportunity to participate in

ands-on research at DOE laboratories. During the summer of
1989, there will be seven honors programs with a total of 374 high
school students. The one at Oak lgidge will concentrate on environ-
mental research and since Al Trivelpiece was one of the founders
of the DOE program, I am sure that it will continue to be a big
success at Oak Ridge.

Under a program begun just last year, high school science and
math teachers are now nominated by each State to participate in a
special eight-week summer research program at selected E Na-
tional Laboratories.

Programs in support of 'indergraduate science education include
the core undergraduate student summer research participation, the
lab co-op program, the new science and engineering research se-
mester for undergraduates and facuity and student research teams.
They reach—these programs reach over 1,400 undergraduates each

ear.
This long list of programs may give the impression of completely
separate activities, but, in fact, with the recent establishment of
science education centers at appropriate DOE luboratories. these
activities are able to be integrated into a focused effort that sup-
rts the broad range of science education aimed at increasing and
1mFroving. future manpower resources in energy related areas. It
still permits, and, in fact it improves, laboratory flexibility to in-
clude special regional, local and unique efforts reflecting the capa-
bilities and opportunities of the individual laboratories. We are
very proud of what the Department has accomplished through its
national research laboratories in science education.
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As | said earlier, we are in the process of re-evaluating our cur-
rent science education programs and I look forward to hearing
from you snd from the participants at this hearing about ways that
the De?artment can do an even better job in the future to meet the
Nation’s challenges in science education.

Thank you very much.

[The prepared statement of Ms. Joseph follows:]
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Nadam Chairman and Members of the Subcommittee:
Introduction

1 sppreciate the opportunity to appear before the Subcommittee to discuss the
Department of Energy's (DOE) science education programs. Secretary Watkins
sends his greetings and, as you krow, the Secratary has been personally
involved in the area of training America’s young people for some time. In his
testimony before Congress, he stated his personal interest in and comsitment
to making significantly greater progress in improving science education at the
precollege Jevel. The Secretary has asked us to reexamine our current
prog.ams in science education to see what changes should be made to even more
effectively involve DOE in the natiounal effort to strengthen the Nation's

science education system.

1 would Jike to comment on some of the regional outreach and

volunteer activities going on across the country and summarize the current
programs sponsorad by DOL in precoliege and university-leve) science
education. These programs make effective use of the unique resources and
capabilities of the Department's national laboratories and affiliated
university consortia. They have a. a m;jor focus providing opportunities for

hands-on research experiences,

.
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History

DOE has had a Tong tradition of concern and support for science education
going back to the very earliest days of the Atomic Energy Commission {AEC).
For example, AEC was one of the first Federal agencies to support graduate
research fellowships in key scientific and engineering disciplines. Nany of
today's scientific and technical leaders in the energy industry, the national
laboratories and the university community began their research careers with
graduate student support from the AEC. Many of today's leaders in the
civilian and defense-related nuculear sector also received their initial
training in nuclear energy through AEC-supported training programs at Dak
Ridge. This includes Secretary Watkins. The AEC supported undergraduate
student summer research and related faculty research beginning in the 1ate
1950°s, and initiated precollege student and teacher science education

programs in 1962.

The focus of DOE support for science education has traditionally been at the
graduate and postdoctoral levels. The principal means by which this is
accomplished is through the support of university research which totals
approximately 3477 million in fY 1889. This includes support for the
participation of 3500-4000 graduate students. In recent years, increased
funding has a}so been provided for precollege and undergraduate-level science

education programs,

it
-y,
-
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DOE Laboratories and Science Fducation

The DOE nstiona) laboratories and research contractors are central to the
Department's programs and o its support for science education. The potential
of these Yaboratories to provide mejor assistance to precollege and university
science education has only been partially realized. The DOE laboratories form
a national and regional network rovering a spectrum of science education
programs from 2lementary school to postdoctoral research. This spectrum
includes outreach 1o youngsters to stimulate and nurture interest in science,
special programs at the upper precollege Jevel to give students and their
teachers a taste of “Yive science”, and intensive research experiences for
university students and faculty. There are few places in this country which
can equal the range of science education opportunities and resources that are
available at a major DOE national laboratory--big science, disciplinary and
sultidisciplinary research, individual investigator and team research, al}
coupled with world-class scientific facilities, equipment and technical

support resources.

Outreach and Volunteerisam

DOE support for science education includes both funded formal programs and a
vast range of volunteer and informa) assistance. Thousands of DOE-supported
scientists and engineers volunteer to assist Jocal schools and colleges in

every region across the country.
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in addition to the formal national DO initiatives funded by the University
Research Support Program, there i5 a range of informal, volunteer-based
science education activities carried out by each DOE laboratory and research
contractor. A recent survey indicated that there were over 200 individual
precollege efforts involving thousands of teachers and students underway at
23 DOf racilities. Thase efforts included in-house tours, visits and
demonstrations at the laboratories for elementary school students and
teachers, direct classroom instruction and assistance at Tocal schools,
science fair sponsorship and judging, teacher workshops and institutes,
researct, participation programs and a number of special events for the annual
National Science and Technology Week celebration. Even retired DOL and
contractor staff are vesources in science education. Retirees from the DOt
1daho National Engineering Laboratory serve as resource consultants and

teaching associates in local schools in Southern 1daho.

Each year DOE, along with many other federa) agencies and private companies,
participates in the annual International Science and Engineering Fair. This
Fair involves over 200 high school science students who have prepared exhibits
on science-related research projects. DOE selects the top ten energy-related
stience exhibits and awards the winning students, along with their teachers, a
week-long research and educational experience at a DOE national laboratory.

In 1989 the student winners will spend a week at the Idaho National
Engineering Laboratory learning about the many exciting technical challenges

in nuclear power technology. Three years ago, the program was held at Cak

10 o
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Ridge Nationa! Laboratory. Based on the legislation which established the
Atomic Energy Commission, DOE has the authority to grant title to excess

DOE -owned laboratory research equipment to universities, colleges and other
non-profit institutions. This program over the years has served as an
imgortant source of laboratory equipment for many smaller colleges and
predominantly minority institutions. The equipment is gwarded on a
*first-come, first-served” basis. It can be used by the receiving institution
for efther research or instructional purposes. Information on available
equipment is provided on a monthly basis in both a printed catalog and on 2
dial-up computer information system.

The DOE Jaboratories also provide a range of technical assistance and support
to small regional colleges and universities. This can range from providing
laboratory scientists as guest lecturers and adjunct faculty to advising on
the set-up and matntenance of research equipment and instrumentation. The
Argonne National Laboratory has established a Regional Instruwmentation Center
where faculty and students from Midwest colleges can come to Argonne to use

tertain specialized instruments not normally found on many small campuses.

A centra) organizational focus for DOE's formal support of precollege and
undergraduate science education programs §s provided by the Office of Energy
Research's Unfversity Research Support Program, which is administered by my
office. In FY 1989 approximately $12 million will be provided through this
prograa for precollege and undergraduate science education.
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DOE_Precel Science Education ams
The strength of DOE's precollege science educatton programs lies with the
scientists and engineers who work for DOE in universities and at the mational
laboratories. Exposing students and their teachers to "live science” in a
research laboratory can ignite the interest and intellectual curiosity of
studonts and teachers. Even informal encounters with research scientists and
engineers can be pivotal in stimulating young people to pursue careers in
science and engineering. Therefore, the Department’s current precollege
science education programs focus on ancouraging more young people to enter and
stay in the science/engineering manpower pipeline. Egually important, it dims
to strengthen the capabilities of precollege science teachers to motivate and
excite young students about the opportunities and challenges of scientific and

technical research. These programs are as follows:

Prefrashmen Engineering Program {PREP}):
The PREP program provides support for susumer enrichment workshops on

engineering and related subjects for women and minority 7th-to-10th grade
students. These workshops are conducted on-campus and provide the
participants with pre-engineering enrichment experiences including Taboratory
work, field trips, career counselling and tutoring in mathematics. The
overall purpose of PREP is to encourage the young participants to consider
caresrs in enginsering and related fields. Dvar 2000 students annually
participate in PREP projects Jocated at campuses across the country.
Statistics indicate that over the years 60% of the student participants have
hstorically enrolled in college-level engineering or science prograns. Some
individual PREP projects have reported that over 80% of their participants
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have gone on to major in engineering or science in cellege.

High School Student Research Apprenticeships:

The Apprenticeship program is conducted at five DOE national laboratories and
{s designed to motivate freshmen and sophomore high schoe) students to pursue
scientific or technica) careers. The Apprenticeship program centers on
providing laboratory research experiences along with counselling and

tutoring. About 130 students {over 90X are women and minorities) are involved

in this progras each year at the participating laboratories.

DOE High School Science Student Honors Research Program:

Beginning in 1985, DOI has provided opportunitie; to the Nation’s very best
high school science students to participate in hands-on summer research at DOt
laboratories. Students are selected for this prestigir  ‘onors Research
Program by the Governors of their respective States .ac..ding Puertc Rico,
American Samoa and the District of Columbia). During the siummer of 1989 there
will be seven Honors Programs with a totai of 374 students participating.

Each of these Programs concentrates on a different area of science, such as:
synchrotron radiation research (Brookhaven); 1ife sciences and genetics
{Lawrence Berkeley): supercomputers and computational science {Lawrence
Livermore); environmental research (0ak Ridge): materials sciences including
superconductivity {Argonne)}; particle physics (Fermilab): and marine and
semi-arid scosystems (Pacific Northwest Laboratory). A1l of the forwer
participants in the Honors Program have gone on to college. Over 75% are
proposing to major in science or engineering with the remainder split among
Jaw, business and sedicine.
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High School Science Teachers Research Associates Program:

High schoo) science and mathematics teachers are nominated by each State to
participate in a special eight week summwer research program st selected DOE
national Jaboratories. We expect 150 science teachers in the program this
summer. Each teacher will serve as a participating member of a laboratory
research team and will use this experience to develop supplemental materials
and experiments for use in the classroos. Many of the teacher participants
will also be awarded graduate-level credit by reyional universities for

participating in this program.

DOE Undergraduate Science Education Programs

The Department’s support for undergraduate science education also is centered
on providing students and faculty members with the opportunity to participate
in "hands-on™ research at DOE facilities. \Undergraduate students are
particularly Smportant since the experience of participating in
state-of-the-art scientific research directly influences their specific
carcer choices in scientific and technical fields. Specific programs in

undergraduate science education are as follows:

Undergraduate Student Summer Research Participation Program:

Each summer approximately 1100 undergraduate science and engineering students
are competitively selected to spend a summwer conducting research at DOE
Jaboratories and research facilities. About half of these participants are
from small, predominantly undergraduate institutions. The students work as
mesbers of laboratory research teams, often in conjunction with university

faculty members. Student research assignments are carefully selected and
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monitored to ensure they are meaningful and at an appropriste professional
level. Evaluations of this program indicate that 90% of the participants go
on to receive advanced degrees in science or engineering, and that 65% of the
participants indicate that thair research participation experience greatly

influenced their choice of career specializa’- -,

Science and Engineering Research Semester for Undergraduates:
This program is a nationally competitive activity which provides semester-
length research opportunities for junior and senior college students majoring
in science, mathematics or engineering. In FY 1989 over 300 students will
participate in this program from universities and colleges across the country,
many of which are small non-doctora) degree imstitutions. Each student
participates in an on-going research program at the host laboratory and learns
to use sophisticated, state-of-the-art scientific equipment. This program is
especially beneficial for those students considering graduate study and

research.

Faculty/Student Research Teams:

DOE encourages faculty members. particularly at smaller institutions, to spend
a summer or an academic year conducting research at a DOE facility along with
one or more of their undergraduate studenls. There will be thirty
faculty/student research teams at five DOE laboratories this summer., These
teans are important 1inks between DOE laboratories and individual colleges.

Faculty members tend to return each summer to the laboratory to continue their
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research bringing along a new group of students. Several campuses have made
the faculty/student team program 2 major recruiting point with prospective

students.

Future Expansion and Direction of DOE Science Educatfon Programs
We are proud of what the Department has accomplished through its national
research laboratories in science edutation. We believe we can do even mOre,
both directly and in cooperation with the National Science Foundation and the
Department of Education. As I stated at the outset of my testimony. we are in
the process of reevaluating our current science education programs. We will
be making recommendations to the Secratary on possible changes in order 1o
more effectively carry out the programs he believes will most successfully
utilize the Depariment's resources in meeting the Nation's needs in science

education.

This concludes my testimony and ! would be pleased to respond to your

questions.
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Energy Research Advisory Board
to the

Um- d States Department of Encrgy
1000 Indeper dence Avenue, § W
Washington, D.C. 20385
(201) 580-5404

JUlL 24 168

Nonorable John §. Merrington
Secratary of Energy
Vashington, D.C. 20585

Dear Nr. Secretary:

1 am pleassd to subait to you the Energy Research Advisory Board's report
Engins . This report, approved by the Board on
Juna 15, 1988, is a result of your rsquest for the Board to reviev the
sctivitiss of the Department in education in order teo sniure that DOE s
playing its proper role to mest its own projactad Ranpower needs and to work
clossly with the other fedsrs] sgenciss and the private sector in the support
of scientific and technical education and trairning.

Ths Board found that the Department of Energy has a continuing, criticel
requirsment for a broad spectrun of highly sducatad and trained sciantists,
sngipests, and technicians, and that DOE needs to contirme and to strangthen
ite role {n the sducation and training of these human resources. In this
context tha Bosrd found that DOE has established & clasr leadership role §n
graduats and postdoctoral sducstion ip many filelds of sciencs and sngincering
important to ita primary mission In epergy ressarch and development, and that
this progran also makes & great contribution to other sclence-based,
high-tachnology industries so vitsl to our economic strength, and especislly
to our internat{onal compatitivenass.

The Board concluded that DOE's grestest centribution to sclence and
snginearing sducation is in its support of Tesearch in the universities. and
{n bringing the university professors snd studants into closs working
relationship with the DOE laborstories and energy-industry profescionals.
The Board Zelt that this effort nesds to bs continually updated snd
strsngthened.

The Board alse concluded that the very strength of the POE laboratoriss
in frontisr rasearch Eive them uniqus capabilitias to conduct special programs
in precollage sducation. These rangs from DOE laboratory institutes conducted
in the summer for secondsry school tsachsrs and intsrasted high-scheol
students, to supplying literaturs and videos about the energy sciences to
slementary and secondary schools, to participating in lscturas and other
programs to sducats ths public on scisnca and technology issuss partinent e
parional and intsrnational emergy cptions. The Board applauded thess sfforts
In strengthening the Department’s precollege sducation program, thes Board
recommended that special smphasis bs given to enhancing the knowiedge, skills,
undsratanding snd scisnce intarsst of scisnce teschers st the secondary level
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and of alementary-school teachers becauss of the sultiplisr effect ons good
teachar can have on many students.

Mors can be done te atrsngthen the hizan resource pool, Continuing
education and training of scientists, engincsrs, and cechnicians is one
{mportant way. Another way 1s spec‘zi programs that encourage wosen and
undarcepressnted ninoritise to sntsr and pursus carsors in science anrd
snginesring. Frivate coEpanies involved in snergy-related businessss can aiso
do much to support acience and engineering education. For sxacple, they can
conduct in-houss educational programs; donate ussd sguipsent to educational
{nstitutfons; help local high schools, colleges and universities improve thelr
snorgy-related teaching materisls and curricula; and preovide part-time
eoployment to teachers dividing their time between precollege teaching and RLD
work. Ths Board recomsends that DOE should sctively encourage such afforts.

1 hope that you find this report intsresting and useful. We look forward

to your response. ¥We also wish to eXpress our thanks to the staff at ths
vepartment for their dedicated asaistance and cooperation in its preparation.

fa’?'fily. // y
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John B, Schoettler, Chairman
Energy Rezsarch Advisory Board
U.8. Departmant of Energy
Washingten, D.C. 20585

Dsar John:

1 sn pleassd to gubnmit to you the report "Scisnce and Enginearing
Education” davsloped by the Education Pansl. Tba report raviews the
Department of Enorgy’s sctivities in educetion and sakss recommendationa to
ansure that the Departoent is playing its proper role vis-s-vis other Fedaral
agenciss aul ths Privats ssctor.

The Pansl, in public meetings, heard from senior officials within the
Dapartment of Energy and the National laboratoriss, othsr Federal agencies,
and profsssional socletios ar4 associations concerned with scientific and
technical sducstion in the united States. We benefited from their
contributions and hope that thair views are accurately reflactad in this
rsport.

I wish to thank the members of the Panel and 1ts steff for their diligent
work and assisting dedication. I hope ths Department finds this raport
ussful .

Sincsrely,
Nildrad Drassslhsus
Chairman, Educstion Panel

N
3
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ABSTRACT

The report i{s s result of the request by the Secratary of Energy, in
February, 1987, for the Energy Research Advisory Board to review the
activities of the Departoment of Energy in sclence and engineering education to
snsure that DOE is plsying 1ts proper role to meat both 1ts own
project manpower needs as well as to work closely with the other federal
agencies and the private sector in the support of scientific and technical
education and training.

The report describes the problems the Department is likely to encounter
in the next several years in oeeting its demand for highly talented snd
skilled sclentists, engineers, and techniclans, and concludes that witheut
intervention now to ensure an adequate future manpower supply, the Departsent
fs unlikely to achieve its missions in snergy end dafense RAD. The efforcs
that DOE has made over the past few years to strengthen its science education
programs, especially in the undergraduate and precollege sreas, are discussed
and spportunities for further strengthening these programs are identified.

The report recumsmends that DOE continue to esphasize its educational
mission primerily through support of graduate students and postdoctoral
fellows through university grants and contracts which simultaneously aserve the
research sission of the Department. An appropriate increase in support
is recommended through a targeted expansion of graduste and postdectoral
research fellowships prograss in areas of greastest humen resource shortages.
The report sufgests thet the Department increase support for undergraduate
research opportunitfes through existing progrems at the DOE laboratories and
as part of on-caspus resesrch grants and contracts.

At the precollege level, the report recommends that DOE target its
efforts where it can realize the greatest impact, namely by providing teachers
with opportunities for research participation to enhance their science
backgrounds and their instructional strategies. Programs are also recomwended
to enhance the training of new science teachers and to provide opportunities
for joint teaching snd research participation careers.

The report notes that minorities and women ars underrepresented in
science and enginesring and recomsends that DOE support increased
participation in science education progrems at sll levels, precollege through
postdovtoral.

The report also recommends that DOE maintain a strong continuing
education programs at its national laboratories, permit participation by lecal
industries, and encourage private companies involved Iin energy-related
businesses to do more to support science and engineering education.

vi
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The U.S. is faced with a disturbing decline in the gquality and quantity
of students preparing for cereers in science and engineering. Consequently,
ths supply of a broad spsctrum of highly sducated and trained scientists,
enginsers, and technicians to carry out the aission of the Departsent of
Energy (DOE) in snergy and defense RAD is jeopardized. To reverse this trend,
the DOE has heen strengthening its role in the educetion and trsining of
scientific and enginesring personnel. The Panel commends the DOE for
devsloping prograns ranging across all levels, from precollege through
post -doctoral education. Nevertheless, the decline i{n available humen
resources in science and engineering continues and the pradicted shortfell
represents a serious future problss. Thereforo, the DOE sust strengthen its
education efforts consistent with its mission, taking advantage of the unigue
facilities and personnel available through the nationsl laborstories.

The DOE’s grestest contribution to science and senginsering education is
through support of graduste and post-doctoral research by funding
university-based research prograss and selected fellowship programs. The DOE
and its predecessor agencies have established a lesadership roles st this
aducation level in many fields of science and engineering important to its
primsTy aission in energy research and development. These graduate activities
also make 8 great contribution to other science-based, high technology
industries vital to our econosic strength and our international
competitiveness.

The vitality of these graduate and post-doctoral programs require~ a
steady stream of talented undergraduate students committed to science and
engineering. Thus the Panel recognizes the {mportance of attracting young
people at the undargraduste level so that they will pursue sclence and
enginesring graduate progranms of special Interest to the INE. As & stioulus
to the pursuit of scientific and technical careers, DOE, through {ts national
laboratories, conducts a nusber of programs which provide undergrasduate
students with "hands on” research experience. These programs havs proven to
bhe an excellent vehicle for encouraging undergradustes to undertske graduate
studies in science and engineering.

To increase ths quality and quantity of science and engineering
wdergraduates, the Depsriment also supports precollege education programs
ained at anhancing the knowladge basa and genersl scilentific literacy of all
students and targeting thoss studsnts vho demonatrate potential and coamitment
tor continued sducation in science and engineering. The strength of the
Department’s precollege programs liss in the DOE lsboratories, staff and
facilities which, bv exposing students and teachers to “livs sclience” in a
iaboratory serting, cen ignite the intellectual curiosity of the studsnts and
revitalizs the cspabilities of their teachers.

Ths Panel baelisves that a healthy precollege science and mathenatics
~ducation system is sssentisl to the DOE’s sission. Howsver, because the
rrecollege educarion system is huge, the DOE cannot expect and should not
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slone £ry *o influence the entire systeam. DOE can help by working clossly
with industry, other federal sgencies, and state and local govornments to
improve the system with steady, reliable and sncouraging support.

This cosbination of prograss, spamning the pracollege through
poat-doctorsl levels, encoursges and suatains students’ interost in pursuing
scisnce and enginsering carsers. To ensure a relisble supply of human
reavurces, these prograss must be initfsted sarly in ths sducetional
sxperisnce snd must include women and sinority groups which have bean
traditionally underrpresented in science and engineering.

In racognition of DOE’s wmission and sxisting prograns, the unigue
rasources of the lsboratoriss, and the sxternal factors releting to trends in
hwsan rescurce supply, the Panel recommends ths following to increass DOE's
{mpact on scienca and snginesring aducation:

° DOE must continue to emphasize {ts sducational mission primarily
through support of graduate students and postdoctoral fellows
through university grants snd contracts which slse servs the
reasarch miseion of the Departoent.

o DOE should increase support through oxpansion of the targeted
graduste and postdoctoral research fellowship prograns with emphasis
given to energy-related sreas of greatsst projected human resource
shortages,

) DOE should increase support for undorgraduste research opportunities
through the Laborstory Cooperative and Sclence Engintering Resserch
Semester programs and through DOE-sponsored univeraity-based
reasarch programs.

[ At the precollsgs leval, DOE should target its efforts where it can
realize the grsatest impact, namsely by providing opportunities for
ressarch participatien by pre- and in-ssrvice teschers o snhance
their acience background snd their instructional capabilities. In
this way, DOE can improve the quality of precollegs sciancs tsachers
and thus strengthen ths natienal science and engineering talent
poel.

o DOE should saphasizs the participation of undarrepresented
sinoritiss and women in programs at ell lsvels, pracollesge through
post-doctoral.

° DOE should maintein strong continuing education programs at the DOR
national laborstoriss and permit participation by local industriaes.

f) -
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A, Introduction

At the request of the Secretary of Energy (Appendix A). the Erergy
Research Advisory Board (ERAB) reviewsd the Department of Energy‘s (DOE)
activities in aducation to ensugre that DOE is indeed playing its proper role
vis-a-vis other fedsral agencies and the private sector in the support of
sclentiffc and technical education and training in the United States.
Specifically, the Secretary asked the Board to address the folloving key
questions:

Do the current education and training programs of DOE address the right
nesds and are they effectively coordinated?

Is DOE taking full advanrage of the resources and capabilities of the
natfonal laboratories in the support of education and training?

Whst responsibilities and aechanisms are appropriate for the Department
in the support of slementary and secondary science education, of
undergraduate and graduate students, of postdoctoral researchers, and of
the general (nen-science) public?

Should rhe Department provide support for undergraduate and graduate
research fellowships i{n energy msnpower aress designated in shert supply?

In response to the Secretary’s request, the Board established a Panel on
"WE Science Fducstion Programs. The Panel, composed of Board mesmbers and
r#presentatives of the educatfon comsunity, conducted @ gederal review of the
rurrent education programs of the DOE and of i{ts predecesstr agencies.

The Panel further solicited comments on DOE's science educat{on programs
{com university presf{dents, deans of educaticn, selected scientists snd
ngineers, heads of major sclentific research and professional socfeties, and
from organizat{ons and socleties representing precollege science teachers to
taln thelir perspectives on DOE's education-related programs. Highlights of
.ne responsss 2 the survey are included as Appendix B.

Nuring its several meetings, the Panel heard presentations on sclence
~Jucation prograns in other federal agencies, including the Narional Science
‘oundation (NSF), the Department of Defense, the Department of Education,
he Natfonal Institutes of Health {NIH).  and the National Aeropautics and
‘vace Administration. Presentations were also made on current and proposed
‘clence education programs {n the DOE national laboratories and on the role of
niversity consoretis in these programs. Human resource speclalists and
representatives of science teaching and resesrch organizations also provided
input. Panel meeting agendas, which include a z-aplete list of these
sresentations, are included as Appendix €. The responses to Panel inquiries
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and presentations at Panel mestings have besn carsfully reviewed by the Panel
and a synthesis of the information thus obteined has been incorporated in the
report aa Appendix 8.

The Fanel’s report is structured as follows. The first chapter provides

brekground for this study, including DOE's currsant rele in educstion and a
of DOE sctions taken es a result of the pravious oversight report {n

1984 .1/ Ths chapter conciudes with an analysis of human resource needs and
discussss interventions in the present sducstional process that could have s
significent impact on upgrading the national program of science and
enginearing sducation. The second, third, and fourth chaptsrs consider
university programs, precollege programs, snd public awsrsness snd continuing
aducation programs, respectively, and provide appropriate recossendations.

Throughout the report, the term science education is meant to include
mathematics, engineering and technology as well as sducation in the physical
and life sciences, unless otherwise noted. FPhysical sclences include physics,
chemistry, mathematics, computer science, sarth and materials sctences, vhile
life sciences include blology, agricultural and medical sclences.

8. Previous Oversight

In 1986, the White House Science Council published a report entitled, A
Repewed Pgttnexshin.2/ The report ssphasired the isportance of educational
institutions to the national interest becauss they Produc® the scientific and
technical talent essential for our nation’s tuture. The report further
saphasirzed that the Nation is failing to attract sufficient numbers of
telented U.5. citizens, especlally women and minorities but also white males,
into advanced education in sclence and engineering. The Council recomsended
that the fedaral resserch agencies substantially increase {nvestments in
colleges and universities because ™. . . univeraities today simply cannor
respond to mociety’s expectatlons for them or discharge their national
responsibilities in research and educarion without substsntially increased
support (p.3)."

In 1983, ERAB assessed the DOE's overall relationships with the
university community. The resulting report, An Assossment of the Relatioushio
Batveen the Department of Epergy and Universities and Colleges (DOE/S-002%),
anaiyred seven sajor issues and concerns affacting the overall relationships
bstwesn DOE and the acadenic community, includf.g sducation snd training.

ERAB addressed primarily the Department‘s responsidilities at the university
level and did not make recomsendations on precollsgs level activities and

1/ An_Asgessment of the
and Universitics and Colleges. (DOE/S-0025).

¥4 A Renewved Pargnership. Report of the White House Science Council
Parel on ths Health of 1.§. Collsges and Universities, chaired by David
Packard and D. Allan Broaley, 1986.
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riograms. ERAB's principsl recossendatfion for education wss that the DOE
should "explicitly reaffirm its resporwibilities to help ensure that
sufficfent nusbers of highly qualified sciantists and enginesrs are available
*o mest currsnt and futurs netional snergy RAD needa (page 25)." ERAM
apecifically noted that the primary focus of DOE's support for professional
husan rescurce development should be "quality, not quantity.” (p. 27)

A more recent DOE report,
Frograms of the U.S, Dopartment of Enexgy (DOE/ER-0296, Septesber 1986)
addressas the sutually beneficial partnership betwean the federal govermment
and the university ressarch cossunity in developing new knowledge and
educating the nation’'s future scientists snd engineers for careesrs in research
and development. The report is a valuable sumary of DOE's current activiries
in science snd engineering sducation. '

€. POE’s Current Role in Bducstion
1. Misslons, Resources, and Lagislative Authority

The aissions of the U S. Department of Energy include support of basir
tesearch to broaden the natlon’s scientific knowledge base; developoent of
¢oergy technelogles to help provide the nation with & sixed and balanced
vaergy supply system; and narional security responsibilities. )/

Collectively, the Departaent of Energy reprasants a aignificant
tavestment in federsl support for scientific research snd developsent .- in
Fy 88, §13 billion in budget authority including $6 billfon in scientific snd
+uineering rosearch. To carry out 1ts missions, DOE {s both a uger and a
iatron of a large portion of the nation’s scientists and engineers. It
« qaprises a codplex of over 50 contractor-operatsd research laboratories
crploying in excess of 135,000 people within the complex which has & total
.colacement cost of well over $50 billfon. Within this complex, nine
+ 1ltiprogras national laborstories and thirty speciclized laborstories carry
~ut much of the fundamental scientific resesrch snd enesgy technology R&D of
‘v DOE and all of the nuclear wespons-relsted resssrch snd developoent .
i1 »se latter facilities sccount for slightly more than 40 percent of the
Department’s total field budget and amploy over 60,000 psople. More than half

thase employeas are scientists, engineers, and techniclans. The DOE.
trrough its national laboratory and university contractors, is rssponsible for
the conduct of research in slmost every scientific and technics] discipline

The DOE has vast resources: humen resourcss, rsssarch snd development
‘shorstories, institutional capabilities, funding, and leadership. Leading
r-search scientists in nuclear physics, high-energy physics, chemistry,
tiology, and saterials science, smong others, ars esployed in the worid-class
»UE research laboratories. Equally outstanding are the enginears workiig on
*:» energy tachnologies as well as the builders of high-energy sccelerstors,

¥ DOE’s 1986 Annual Report to Congress, p. 2

BEST COFY AVAILABLE
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fission reactors. fusion reactors, superconducting magnets, synchrotron light
sources, particle detectors, and a host of ancillary devices. A steady flow
of new, well trained, highly creative scirntists and engineers is essentiat {f
the Department i{s to continue 1., meet its mission responsibilities as
svcens{ully as it has {n the past.

DOE has specific legislative authority teo conduct education-related
activities. The Energy Research and Development Adainistration Act of 1974
requires the agency to sponsor and assist in education and training activities
to help assure an adequate supply of human resources for energy RAD programs
{Public Law 93-408, Saction 101 (11)]. The DOE Organization Act of 1977
specifically dixects the Office of Energy Research to be the principal advisor
to the Secretary of Euergy on education and training activities required to
support the short- snd long-ters basic and applied research activities of the
Depastment [Public Law 95-%1, Section 209.b (4)]. The Offfce of Energy
Research has traditfionslly taken t e lead in providing both direct support for
science education activities as well as in encouraging other DOE program
offices to support education activities related to their own programmatic
sctivit *s. The Director of the Office of Energy Research periodically
reports to the Secretary of Energy on university and other education-related
activities carried out by DOE and its laboratories.

Meny top-flight scientists and engincers in universities and industries
are closely associated with the work in DOE lasborastories. Perhaps DOE's
greatest contribution to education s in providing this link between
universities and the laboratories, enabling msny university professors and
their graduate and undergraduate students to participate directly in research.
This unigque oppertunity to perfor® research, when cosbined with fourmal
classroom {nstruction, is invaluable to aspiring research scientists. The
Panel believes this intertwining of universities with DOE laborstories has
greatly advanced both scientific research and education In America.

2. Current Activities

The main focus of DOE's science education programs hss been traditionally
at the graduate and postdoctoral levels. However, DOE's current sciruce
education programs range across all education levels, from precollege to
post-graduste. Appendix D sumasrizes the current range of DOE education
activities, while Appendix E provides additional informsrion on the precollege
programs.

The principsl means by which the Department supports educatien is through
the support of reseatrchers at or associated with universitfes and colleges.
In FY 1987 the Departoent supported more rhan 3500 individual university
research contracts and grants totaling about $350 million. These swards
contribute directly to sducation by involving graduate, postdoctorsl, and
undergraduate students in DOE-sponsored research.

DOE has taken saveral initfatives to strengthen its overall relationships

with the university comsunity as a result of ERAB’s advice to the Secretary {n
1983 on DOE-university relations. Two steps were taken which had immediate
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relevance for education and support of human resource development. (A suamsry
of the status of recosmendations is included as Appendix F.)

First, the Secretary of Energy signed in August. 1984 & policy statesent
on DOE-universiiy relationships that, among other things, explicitly endorsed
DOE"s role to eccourage and support the invelvement ¢ students in sach
research and technoleogy development program both to meet the DOE‘s own near-
and long-term needs and to invest in the natlon's new scientific and technical
husan resources.

Second, DOE {nitiated a series of budget increases for the DOE Laboratory
Cooperative Program, the principal program activity directed at building
research and educational bridges between the Department’s national
laborstories and the university commmity (sce Chapter 11). The budgat for
this program has grown from $3.5 million in FY 1984 to more than $9 wmillfon in
FY 13989, with a corresponding increase in the masber of students and faculty
wembers involved in lshoratory-sponsored research and education programs.

DOE also provides substantial support to sducation through the programs
and resources of {ts major natfonal lsboratories and research facilities.
Research laboratories and facilities at the nationsl laboratories are heavily
used by universiry scientists snd students, e.g., the Fermi National
Accelerator Laboratory, Brookhaven’s National Synchrotron Light Source, and
Argonne’s Intense Pulsed Neutron Source.

In the last cwo years, DOE has infitiated sdditional srisnce sducation
progranss. These include the establishment of the DOE High School Science
Student Honors Research Prograa and of Science Education Centers at five
sultiprogram energy research laboratories, ss well as increased support for
high school science tescher resesrch ard ipstructionsl programss at the DOE
laboratorises.

Aside from the support provided for graduate and postdoctoral resesrch,
d . rect funding by the DOE for science education activities at all lavels was
approximately §15 million in FY 1987. Table 1 provides & breakdown of this
suppert at the various levels. In addition to §15 millfon in direct funding,
there is & significant amount of velunteer or "in kind" efforts taking place
at the Department‘s lal~ratories. often involving individual (or groups of)
sciontists and engineers . vking with students and teachers in local or
regional schools and universiiiz«. It ahould bs noted that the cost of the
present precollege program ($1.38) 1» & small fraction of the science
ecducation progran susmarized in Table 1 (§15M) and a vory small fraction of
the total sducation program (§$360M) obtained by sumsing Table 1 (p. B) and
Table 2 (p. 9). Therefore a subatantial funding increass in precollege
education would have 1{rtls impact on the total educstion budget.

Prograns for students and teachers at sll1 levels of the sducational
system are conducted in laboratories widely dispersed geographically across
the nation. A li{at of DOE's science and enginsering education progrsms, both
university-based and those at the DOE laboratoriss and research facilitries oay
bs found in Appendix D. Coordination of these DOE education activities



DEPARTMENT OF ENERCY
CURRENT SCIENCE EDUCATION PROCRANMS:]/

FY 1988
FUNDING
LEVEL NINBER OF
FROCRAN CATEGORIES/MESCRIFTIONS {§ 1N Q00) FARTICIFANTS
1. INDIVIDUALS/CROUPS
A. PRECOLLEGE
1. Minority Student Research Appren ‘ceship $ 120 200
2. DOE High School Student Honors Research 550 260
1. Prefreshmen Engineering Program (FPE:) 300 2,000
4. Precollege Science Tracher Research/Tra ning 250 50
%. Lsboratory Technical Assistrants to Precollege N/A N/A
Schools
B UNDERCRADUATE
1. Research Internships at DOF laboratories $1,400 1,000
2. Science & Enginerring Research Semrster (SERS) 60 120
. GRADUATE STUDENTS
1 Graduate Research Appointments at DOE Labs §2,000 350(EST)
D. UNIVERSITY FACULTY
1. Minerity Institution Faculty Resesrch $3,000 45(EST)
2. Faculty Ressarch Appointments at DOE Labs 2,500 200- 300
3 Short Courses/Institutes for Faculty 00 1, 000(EST)
E. POSTDOCTORAL RESEARCHERS
1  Postdoctorsl ReseaXch Appointments N/A T725¢EST)
IT. INSTITUTIONAL SUPPORT
A MINDRITY INSTITUTIONS
1. Minority Institution Research Travel S 300 200(EST)
2, Cooperative Ressarch Programs with DOE Labs 2,500 N/A
3. Minority Educational Institutions Assistance 1,500 8 projects
Prograa
I11. OTHER
A. CAREER PIANNING WORKSHOPS . 74 . S500{EST)
TOTAL §15.%20

1/ Does not include DOE on-caspus rosearch tnvolving faculty & graduate students
{0108 estimated lavel in FY 1988)
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TABLE 2

DOX SUPPORT FOR DNIVERSITY RESEARCH ARD DEVELOPNENT AND
ASSOCIATED GRADUATE AND POSTDOCTORAL EDUCATION(a)

(1) (2) 3 {4} (% (6)
University
Research Support (b} ¢ Craduate ¢ Postdoccoral (3)/{4)
Office Ares (in N §) Studsnts (¢) Fellowa (c) (in Rk &)
Energy Research 282.8 3198 635 88
Basic Energy 102 1620 300 12
Sciances
Nigh Energy 68.5 670 225» 102
Physics
Nuclear Physics 15.8 377 99
Magnstic Fusion ) 331 30 134
Biological and 32 320-480 80 ~80
o Envirensent
Fossil Energy 26 325 ~80 ~80
Conaervation & 24 300 -3t ~80
Renewable Energy
Deafense 13 163 N/A ~80
Nuclear Energy L2 19 N/A =80
357.3 4005 ~725 87

#includes both High Energy Physics and Nucleas Fhysics,

(a} In compiling the data in thiz tabls, the panel attempted to separate DOE on-caspus direct funding with
support providad to the DOE laboratories for faculty and student research and training. Therefere. the
numbar of gradusts students and pestdoctorsl fellows refers to university-based researchers.

- 4 A (b) FY 1987 operating and capital equipment provided to university-based parformers. oo
s
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(c) Thess are ths graduate and postdoctoral studsnts supportad at universities. In addition. graduate and
postdoctoral studsnts ars alsc supported at the DOR laboratory sites by the Office of Energy Bessarch.
This includes 700 graduate students &t the Lavrence Berkelay laborstory, 115 at the Ases laboratory
{Iowa State), 111 at the Arge oo National Laboratory. 105 at the Brookhaven National laboratory. 21 at
the Stanford Synchrotron Radiation Lsboratery, and additional students at othat sites. The total number
of DOE lsboratory-bhassd postdoctoral fallows supported by the 0ffice of Energy Ressasrch is 100 at the
Argonne National ladoratory, 37 st the Brookhaven National Laboratory, B0 st the Lawrsence Berkalsy
Laboratory, and 45 at the Dak Ridge Natiocnal Ladoratory. Ths nuaber of graduats studants supported in
this program {s sstimated by sasuming 12.5 staduate students per million dollars of support.
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principally occurs at the staff level through informal working m- and
staff level discussions of sducation programs, opportunitiss, intecests and
needs.

P. Developing Human Resources
1. Emerging Probless in the U.S.

The Panel is disturbed by trends in contemporary and future human
rescurce nesds in relation to both the quality and quantity of the supply of
scisnce and engineering talsmt. From numsrous tepoxts and other source
matorials sxanined by the Panel, it is evident that the U.5. is faced with a
geclining mumber of individuals prepared to participste in the scfence and
snginsering activities of this nation. Also evident is the diminished gquslity
in the performance of those being schooled or trained in science and
sathesatics, particularly at the precollsge level. &/

Human resource needs are increasing three times faster in science and
engineering than in areas such as business and law. The need ig graatest in
enginesring, mathematics, computer geiences, chepistry and rhysics as cospared
to the socfal and life sciences.5/ The following provide indicators of
current trends: §/7/8/

- Data from the National Science Foundation indicate that if present
trends continue, by the year 2000 there will be over 100,000 fewer
gradustes with Bachelors degrses in science and engineering than there
wors in 1984,

- As & result of low birth rates in the past 10 to 15 years, the number
of school-age citizens Is declining. At the same time, this group is
incressingly non-white. Minority students arse now the majority in 25
of the nation’s largest school districts. Nationwide, minorities

&/ "Sclence Achlievedent in Saventeen Countries: A Preliminary Report.”
International Asgociation for the Evaluation of Fducational Achievement (IAE),
1988.

Y/ Vettar, Betty M., statement before the Joint Economic Cosmittes,
U.S. Congress, Decsmber 11, 1987.

&/ National Science Foundation, Data Book.

/ Vetter, Betty M., statement during meeting of Educatfon Panel,
Energy Research Advisory Board, Forrestsl Building, 1.S. Department of Energy,
Washington, D.C., October 1987.

y -

Symposium held at Franklin Institute, Philadelphia. Produced by the
Governmant-University Research Roundtable, July 1387,

11

15

O

RIC

Aruitoxt provided by Eic:



43

will scon make up 30 percent or mors of the total school-age
population.

- Traditionally, wvhite salas have been the primary husan resourcs for
mesting national needs in science and enginearing. However, the number
of white males ssrning dagrees fn all science and engineoring fields is
decreasing. Therefore, as more vhite males choose not to study science
and enginesring, we will be looking incressingly to minorities and
women to fill the gep.

- While the mmber of minority graduates with bachelors In science end
enginesring increesed slight'y in 1586, the nunber of doctoral awards
to all minorities decreas 4 by 15 percent from a very small hase
musber. In 1986, Ph.D.» in sngineering wevrs awarded to six Aserican
Indians, 14 Blacks and 25 Hispanics.

- Along with most minoritles, women have bean virtually unrepressnted in
certain science and enginsering fields and have been underrepresented
in nearly all such fislds. At all degree levels and in all scisnce and
enginsering fislds, the nuaber of women esTning degrees hes increased
in the past decade while the number of men earning dagrees has
decrossed. Mowever, in many fields the increase in the nusder of women
does not mske up for the decrease in the number of men. Since 1984,
the nmuaber of wosen obtairing sdvanced degrees in science and
onginesring has loveled off as they move increasingly into business,
law, and other nontraditional areas.

- Foreign graduate students comprise more thsn 30 percent of the
snrollsent of our graduate schools in many technicsl areas. The number
of advanced degrees in science and engineering awsrded to foreign
students on tesporary visss has increased sharply over the last decade
and continues to increase. In 1985, foreign students earned four times
8% many doctorates in sciesnce and engineering fields as did all U.S.
minorities and U.S. women copbined. The U.S. relies increassingly on
foreign graduates to fill research snd teaching vacsnciss in some
university departments, and, in some rechnicsl aress, to fiil positiens
in industry snd in government laboratories.

- Although foreign graduate students constitute an important component of
eur technicsl human resource pool, they are ineligible to £1ll certain
positions in high technology fields requiring security clesarance. The
prassura to staff such positions emphasizas the critical need for an
sdequate supply of graduates who are U.S. citizens.

The Panel concludes that without further attention to their educational
nsads and choices, U.S. students of both sexes and of wost racial and sathnic
groups will continue to decrsase their participstion in scisnce and
snginsering pursuits. Thua, the flov of new science and sngineering talent
will diminigh. Unless sction is taken now to devalop human resources among sl)
segmants of our soclety, tapping sspecially those segments that have bsen
traditionally underrepresanted, the DOE and other resesrch-based agenciss will

12
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not have an adsquate pool of scientific and sngineering talent available to
mest projacted needs.

2. Stronger Foraign Comspetition.

The value of & well educated work force cannot be overestimated. The
greater emphasis given by some of our sconomic compatitors to the devalopoent
of their human resources contributus to higher quality, more reliable, and
lower coat foreign products.9/ I1f the United States s to meintain, lat
alore improve, {ts standard of living and quality of life, the U.5. will hava
to compete with foreign countries, in large part, on the basis of its
technological sdvantage. Toamorrow's desirables jobs will require increased
tachnical knowledge and skills on the part of the work force to operste the
sophisticated plants and factories of the future. Tomorrow's workers will
nead to be able to adapt readily to changes in technologies, and retraining
programs will require creative new approaches and considerable investment.

The Panel notes that a report by the Intermationsl Association foxr the
Evaluation of Educational Achievement]l(/ indicates that American pupils
consistently scored in the bottom half in general science, biology, chemistry,
and physics whan compared to high school students from 17 other countries. In
the U.S., only 57 percent of high school students are enrolled in science
courses in any given year and less than 80 percent of American students
complete secondary school. The following selected indicsters provide a
troubling comparison with other countries: 11/

- In the USSR and Eastern Europe, approximatuly 96 percent of students
complets the precollege pregram and all students study sclence and
mathematics each year (mathemarics for ten years, physics for five
years, and chesoistry and biology for four years.)

- In the United Kingdom, Western Europe and Australia, students study
biology, chemistry, physics and mathematics concurrently during the
last three years of secondary school.

- In Japan, 92 percent of students complete precollege education. At the
upper secondary level, all students take a minimum of 2 years of
science and 2 years of mathematics. College boupd students take

8/ Drucker, Peter, “"The Changed World Economy.” from Fereign Affairs.
Published by the Council on Forefgn Relations, Inc., Vol 64, No. 4. 19856,

Uy *Scisnce Achievament in Seventsen Countries: A Prelisinary Report.”
International Association for the Evaluation of Educational Achisvement
(IAEA), 1988,

1/ Gardner, Najorie H., Statement before the Subcomaittee on Science,

Rasearch and Techpology, Committes on Space, Science and Technology, U.S.
House of Repreasentatives, March, 1988, p. 5-6.
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sathematics every year (through beginning celculua), plus physics,
chemistry, blology and earth scisnce, often concurrently.

- In China, the world‘s largsst school systes, ihare i{s A new national
uni{fied scisnce curriculum and new textbooks. All students are
required to take physices, chemiatry and biclogy in middls schocls.

- In Thailand, a developing country, science and mathenatics are taught
every year from first through twalfth grads, All high schools --
acadenic, vocstional, commercial and fine arts -- teach science through
twalfth grade. A1l science courssa are laborstory-based.

To sxacerbate further the problem of precollege science educstion, &
sovers shortage of fully qualified, precollege acience teachers oxists in the
nation. The pool of gqualified sciencs teachers is far too small to mest
current nmeds. Various studies find that we ara feiling to attract sncugh new
teachers, and equally important, we are feiling to inspire, educate, and kesp
current those teachers we do have, Selected excarpts from the reports
reviewed by the Panel are the following indicators: 12/13/16/

- Prelisinary results from a nationwide survey by ths Council of State
Science Supervisors, currently under way, indicate that science tascher
shortages exist In 24 of 25 states reporting so far. Fhysies teachers
are in the shortest supply, followed by chemistry and mathssatics.ld/

- The sverage age of high school chemistry and physics teachers in 1986
was near 50 years. This means that many of the current classroom
teachers are nesring retiresent. At the other end of the pipeline, any
teacher training institution that can boast e&s many as one or two
physics or chemistry educatfion majors per year {s unusual.

- In 1886, there wers 7,100 high schools that did not teach a single
physics course because they did nor have a qualified tescher. About
4,200 schools did nor have a chemistry course; and 1,900 schools did
not provide biology for their students. In 1988 also, 66 percent of the

12/ "Report of the 1985.86 National Survey of Science and Nathematics
Educarion®. Resesrch Triangle Institute, November 1987.

1Y/ "Survey Analysis of U.S. rublic and Private High Schools: 1985-86,
draft copy. Netional Science Teachers Association, Washington, D.C., April
1987.

14/ Gasdner, Majorie H., Statement before the Sub-Committees on Science,
Rescarch and Technology, Committee on Spaca, Science, and Technology, U.S.
House of Representatives, March 1988.

15/ Gerlovich, J., Draft Survey, Iowa Department of Education,
DesMoines, May 1988.
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primary (KX-3) and intermediste (4-6) taachers had never taken a course
in chemistry; 80 percent of thess teachers had never taken & course in
physics; 1% percent had never teken a course in biolegy.

Sscant reasarch bas showm that nearly all 77,000 U.S. public high
school aclance teachars taach out of fisld, many in thres or four
subjects for which they fail to meet the minioum raquirsments
recommended by the National Science Teachers Associastion (NSTA).
sixty-sight percent of high school sciencs taachers have major teaching
assigneents ocutside of their major fiald of study. Incresssd science
raquirenents for high school graduation ({n many statesa have sxacerbated
the problem to the point where high school principals have gresac
difficulty {n f1lling positions for chemistry and physics teachers with
persons who sre sven minisally qualified.

As & result of teacher shortages at the secondary levels, moxe and more
teachers are being assigned to cross over from a discipline whers they
have some confidence into one whare they have lirtle preparstion. For
example, a teacher with a proper teaching credantisl in blology say
well be assigned to teach chemistry and physics also, having taken no
pore than a single college-lawel course in thess flelds. At the
elementary school level, teachera rarely have had more than a singls
science course in college.

Although the majority of sclence teachers have sarned Master's degrees,
these degrees are predominantly in fields of education, not sclence.
This often occurs for reasens other than teacher choice. Sclence
courses are often not aveilable at times when teachers can enroll
except through special programs such as institutes funded by the
National Science Foundation.

Science teachers in most other countries worldwide coaplete & &4-ymar

bachelor’'s degree in a science and mathematics 2iscipline bafore they enter

the professional sequence that prepares them for - ‘ching. In ths United

States, the large majority of our sclence teacher. .o not cosplets full
science sajors, but rather sest the lower stare certification requiremsents in
sciance. The teacher educatfon courses in the United States ars integrated

into & 4-year program. The following are exsaple indicators of science

toacher reguirements elsewhere:

Q
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- 1n the USSR and Eastern Europe, all teachsrs complste five ysars of

pre-service college sducation and return for the equivalsnt of one
year of in-service education svery five years.

- 1n the Unitad Kingdon, Western Europe and Australia, science teachers

earn full science baccalsureate degrees; then prepare to teach.
Japanese science teachers cosplete undergrsduate science degreas and

are paid sslaries very nearly equivalent to those of college
professors.

15



47

The Fansel fsela that the time has come for the U.S. science and
enginssring commnity to make a Comsitment to precollege sclence and
snginesring education to ensure a futurs supply of scisnce and engineering
talsnt. Sinca teachers are key to upgrading precollege programs, Wajor
coordinated efforts must be initiated batwesn the science and engineering
comsunity and the sducation sstablishaent to upgrade both pre-secvice and
in-service programs for sclence taachers. Concomitent initiatives need to be
taken to make pracollage scionca teaching a more attractive and ravarding
profassion. A unique rols thar the DOE can play in thia fmportsnt nationsl
progras is presented in Chapter 3.

3. Effsctive Use of Linited Rescurces: Opportunities for Intervention

Studiss show that talented students ars discouraged or diverted fros
pursing science and engineering studies not only because of the declime in the
Qquality of math and science education at the precollege level, dut alao
because of cultural changes that have occurred during the past two decades.
With the expanded professionsl spportunities for women, fewer with high
sclencific talent are going into precollege teaching with a concomitant loss
of quality to the teaching profession. Changes in the structure of the
typical family unit include s higher incidence of single parent and dual
career families and these changes have added pressurss to providing adequste
supervision for childre- in the home. Cospating with forsal classrcom
instruction are action-packed, highly stisulating television Programs and
copputer games, which oft~n drsw students avay from pursuits requiring bigh
levels of commitment and concentration, such as sciencs and mathesatics.

Therefore, interventions in the sducational process are needed to
sncourage students to seek carsers in science and enginesring, and to remain
comsitted to study these areas. The Panel concludes thar DOE can assist In
this process in a unique way, utilizing its singular resources: its talented
people and world-clsss laboratorfes. To schieve maximus impact, thase
intsrventions should be positive, focussd, timely, and concinuing. The
ssgical inspirstion of a young scientific talent by close personal contact
with a world-class reseercher 15 one kind of intervention that the DOL
laboratories are well positioned te provide.

Current research in education points to optimal targets of focus and
provides insfght on how to maks timely interventions. To achleve saximum
effectiveness, tha Fanel 1s convinced that actions and programs that sncourage
students to move into, or remain committed to. sciance and enginsering sre
most effactive when they focus on supporting teschers. Whan teachers are
supported in their afforts to reach all students, a sultiplisr effact is
achiaved in reaching many atudents per tmsacher. In sddition, DOE prograss
should smphasize participstion by all students, {ncluding women and
underreprasented sinorities, intervening at appropriste times when these
studsants aAre sost Ticeptive.
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Aleng the sducatfonsl time-line from slesmsntary through graduate school,
csTtain points stand out as "nodes,” offsring high opportunity for effective
interventions in the teaching of science and mathemstics.lf/ Intarvention st
thess times is most likely to strengthen sciencs and mathematics education snd
commitment and, ultimataly, te producs mors rumerous and murs highly sotivated
scientific and technical personnel.

Nodes occur arourdd the first, seventh, and tenth-grade levels, the
sophomore/junior yesr in collsge, and again st the postbaccslauraate level.
Thess nodes and comason parceptions are discussed in the following.

First Grads. In contrast to parents in Driental cultures, who view skill
in sathematics as & measurs of a child's intelligence and school
sccomplishaent, U.S. parents have tended to judge their child‘s progress
in kindsrgarten and sarly slesentsry school years by reading skill.
Schools and teachars Senerally support this view. Coason perceptiona
among Anericsns are that mathemarics is not for sveryone, that ability in
mathematics is an inborn talent, and thar mathematicisns are born, not
made.17/ Similar perceptions apply to learning science.lf/

Seventh Crade. Cultursl roles influence students subtly throughout their
formative yesrs; however, these rols models begin to have concrets impect
in adolsscence. Mathesatics and sclence are generally considered to be
"for boys" and the humanities "for girls.” Cirls and/or their parsnts
and teachers may perceive sathematics to be "unfesinine.®l9/ Studies
document the comson phenomenon of tsachers calling on and helping boys in

1¢/ Malcom, Shirley M., Egquity and Encellence: Compatible Goals,
Aserican Assoclation for the Advancement of Sclence (AAAS Publication 84-14),
W¥ashington, D.C., December 1984.

11/ *Mathematics Achievement of Chiness, Japaness, snd Aserican
Childran." H.V. Stsvensen, 5. Lee, J.V. Stiglei. Science, Vel. 231, No.
4739, page £93-699, 1986.

18/ Papert, Seymour, Mindstorms. Childgen, Cosputer, and Powerful
Idsan, Basic Books, 1980,

19/ Fennama, Elizabsth and Penslope 1. Petarson. “Tsacher-Student
Intsractions and Sex-Related Diffsrences in learning Mathematics™, Isaching
and Teacher Education, Vol. 2, No. 1, pp. 19-42, 1988,
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mathematics classes much sore frequently than girls. Examples and
language used in science texts and curriculs ars pradominantly those from
vhite, middle-class, Wostern, male culturs.20/21/

At the middle or junior-high school levsl, atudsnts start to be “treckad"
into different curricule: those sslected for the “acadsmic® track are
given sore mathesatics and sclence, while thoss whose snvironments or
culturss may not provide them with the language, analytical, and
concaptual skills to performs well on 1.Q.-type tests (including PSAT and
SAT) ero sliminated from the academic mathematics and science courses.
Theas students are often placed in the vocational educarion or industrial
arts track.22/

Tenth Crade. At this node, "low teating®™ white males, femsles, and
ainoxities are not encoursged, and are often not prepared, to elect the
eleventh and twelfth grede mathematics and science courses that would
qualify thea to enter colleges or un{versities where sclence and
enginsering study ere emphasired. Thus they are not prepared to elect
educational programs that lead to careers in sclence or technical fields
and sre effectively cut off from future job oppertunitiss in these fleids
because they fail to compete at this stage.2)/

Sophomors/Junior Year in College. Ar this point, feasles and sinorities
are not encoeuraged to major in science. Discouragemsnt can be relatad to
test scores or to cultural factors. At the same time, thers is a
froquent and well documented disenchantment of females end minorities
wvho do major in science, and these students have a higher drop-out rats.
Around 50 percent of Black and Hispanic youth with SAT scores of 550 and

29/ Cohen, Rosalie A. "A Match or Not a Match: A Study of Irntermediate
Science feaching Materials”, Chapter 3 from The Science Curviculum: The
Repoxs of the 1986 Nstiopal Forum for School Science. Edited by A.B.

Chaspagne and L.E. Hornig, American Associatfon for the Advancement of
Science, 1987.

s/ Snellins. ¥.R. and R F. Boruch. Es1!nﬁﬁ_hLJJKLlihﬂIﬂl.Al&l_

udina of 49 Selective Colleges. Columbis
University Press, 1972.

2/ Kay, Nina. W. *A Stu.y wv Determipne and Test Factors lmpacting on
the Supply of Minority and Wome: Scientists, Engineess, and Technologists for
Defense Industries end Installas ions,” Center for the Advancement of Science,
Engineering, and Technology of ' ouston-Tillotson College {CASET). NASA,
Johnson Space Center, Bullding A Suite 323, 2101 NASA Road One, Houston.

y Y4 1bid.
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above, and & declared intention to pursue & science or engineering
csreer, drop out of rhe pvol before their junior year in college 24/25/
28/

Postbaccalanreate. At this stage when students are ssking decisions
about career specislization, many encounter feelings of isclstion,
alienation, disorientation, and low self-{mage. Cross-cultural
commmicetion can be a problem. This is particularly of concern fo women
vhen they have classes with foreign national professors who bring to the
classroom and research laboratory their attitudes toward women as a
subsarvient group. Even in our own culture, sowe hold the viev that
there is "men’s work" and “wonen’s work.>21/28/

E. Concluding Resarks

The Panel belirves that the DOE must help the country make maxisus use of
its intellectual resources in order to retain its cospetirive position in
energy research and development and in energy-related industries. The
challenges facing educators and smployers in the United Stetes are great. As
esployers, the DOE and other federal agencies have a stake in the success of
efforts to ensur2 thst these challenges are met.

To ensure a reliable supply of appropriate human resources, the Panel
rocoamends the deveiopment of & five-year plan of coordinated education
prograns from the precollege to post-doctoral levels, with appropriate
evaluation of the effectiveness of the various pPrograms and periodic oversight
by appropriare advisory groups. In this context, the key points of the
present raport are sumasrized in Appendix G and s full listing of the
racomeendations is given on page 42.

26/ Ibid.

25/ Snelling, Boruch, Rodman.

26/ Malcon

/ sy

28/ Cornsll University/National Science Foundation. Confsrence on Women

in Science, February 1988.
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URIVERSITY PFROCRANS

A. Introduction

The Dopartment of Energy supports graduate and postdectoral sducation
both through funding for university-based research programs and through
funding of selected fellowahip programs. Thess two modes of direct suppoert of
advanced atudents are conplementary to eact other and ars both required to
advance DOE's mission. In addition to the above pethods of direct funding of
university sclence education, DOE also provides significant support faor
university faculty and gtudent participation in DOE laboratory research
projrans.

DOE’s principal mode of support to university science education is
through support of specific university-based research programs. This funding
includes support for a large nusher of graduate and postdoctoral students.
This is & vaxy effective pethod for ensuring that educstional funding {s
diractad to projects that are of specific intersst and importance to DOE.
This mode of support simultaneously ylelda research results and aducates new
scientists and engineers in energy-related fieslds.

The DOE also has & small progras of competitive graduate and postdoctoral
fellowships in specialized, energy-related flelds of particular relevancs to
the POB. This is av isportant component of DOE‘s sducational program and
ensurse & supply of high quality scientists in rsssarch areas wvhere future
manpower shortages are predicted. Presently the spproximate percentage of
advanced students supported by DOE through fellowships is only 2 percent. The
panel concludes that this percentage is too small and rscomsends that the
msber of fellowships increase.

To ensure quality and effectiveness, each DOE university sducation
program 15 specifically evaluatad by the hesting institution. In sddition, a
series of in-dapth, longitudinal evaluations are now under way on the
effectivensss of the undergraduste sesester Progran and the summer Programs
for undergraduate, graduate, and faculty oesbers, all of which are described
balow.

B. Craduate And Postdoctoral Education

The Panel balieves that achisving both national and DOE-specific research
policy objectives depends heavily on the research universities to aducate
future scientists, engineers, snd science sducators and fo make advances in
scisntific and technical knowledge thet sustain our oconomy and snaure our
national defense.

Craduate and postdectoral students are involved in all phasss of the

DOE’Ss vessarch programs and mske a major contribution to the DOE’s f: sl
scisnce and energy research programs. A nmuaber of rsspondents to the Panel's
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survey {(see Appendix B) confirm the magnitude and importance of the DOE'S
contribution to the national effort to strengthen the science and technical
education system. The Panel belfeves that the DOE's support of students
through university resesrch grants and contracts represents & component of
U.S. educational prograss of huge proportions and tremendous value.
Currently, DOE is providing direct support to many advanced graduate and
postdoctoral studerts through research assistantships and fellowships (see
Tadle 2).

1. Support of Academic Research Programs

The Department of Energy, since its origin as the Atomic Energy
Comaission, has been both a user and a patron of many of the country’s leadiug
seientists and engineers. The isportance of the partnership between the
Federal Government and the university research cossunity has been esphasized
by the Secretary of Energy, John Herrington, and truly remarkable strides have
been sade in recent years in strengthening DOE-university interactions. The
Panel believes that DOE's greatest contribution to education is in their
direct suppor! of werk in university laboratoriss where many protessors and
their graduarc students and postdoctoral researchers carry out forefrant
research whict goes hand-in-hand with instruction to produce research
scientists,

The Panel is conviuced thar the DOE's mode of supporting graduate and
postdoctoral students through specific &cademic research programs at
universities has been very effective in educating the natfion’s scientists in
energy research. This funding metbod ensures that student support is directed
to projects that are of specific interest to DOE. Furthermore, many of these
students and their faculty advisors use major research facilities at DOE
laboratories, including, for example, the Narional Synchrotron Light Source at
Brookhaven National Laboratory, the Linear Electron Accelerator at Stanmford,
and the Tevatron at Fermi Nstional Accelerator Lsboratory. Support of
university-based research projects involving graduate students is more
effective whrn multi-yesr commitments are made. Hence, the Panel concurs with
DOE’s recent change to three-ye:. :esearch grants In planning and managing
an effective university research prugram, stable long-term funding over a time
frame comparsble with the completion of doctoral thesis work is essentrial.

In evaluating the reletive merits of supporting fellowships vs. research
programs, tte Panel concluded that it is important to have a proper balance
between the two modes of support. Vigorous programs in energy research on
campus are Necessary te atiract the best students. Such Programs can
stimulata eXcitement and interest at the universities in energy research and
in the specific R&D programs of the DOE. The Psnel believes, however, that
fellowship support, because it is more competitive, probably is more effective
than research assistant support in attracting the most talented students to
ensrgy-telated research. Whatever the mode of support, the Panel stresses the
fmportance of the sducatlonal content of the graduste research experience. In
this context, the significance of the educational contribution provides one
measure of the value of university research to the DOE and to the Nation.
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The current (FY 1988) leval of DOR support for university rsssarch and
development and the associated graduate and poatdoctoral sducation is
aummarized in Table 2. Approximately 4000 graduate students and 725
postdoctoral rssearchers ars directly supported on university grants and
contracts. In addicion to this direct funding, a large amount of indirect
support 15 provided through tha facilities usage program of the DOE national
laboratories and through the many collaborativa research activities batween
the universities and DOE laboratories that strengthen university research and
education,

The Panel believes that, in its direct support of advanced education, the
DOE is helping to ensure an adequate supply of highly qualified, well-
sducatad scientific and technical professionsls to meet futures husen resource
needs. By using university faculty end students to carry out major parts of
its research progras, the DOE not only fulfills its research mission but
sisultanecusly {nvests {n the sducation of our future scientists and
enginsers. The high quality of these future scientists and engineers is
ensured by the highly competitive nature of DDE's current research grants.

2. Graduate Fellowships

The P - .rrently supports about B0 grsduate fellowships in selected
energy-v tinted areas of science and enginesring, such as nuclear engineering,

-health .. ysics, fusion science and technology, and radioactive waste

managemsnt. Th Panel concludes that this fellowship program has several
unique merits. Because of the highly competitive aspscts of the fellowship
progras, it eosures that highly talented recipients will do their graduate
studies in arsas of science and engineering of particular fmportance and
relavance to energy problems, including sreas that are relatively underfunded
through university grants and contracts. The fellowship progranm glso exposes
applicants to energy problems (including how and where they are being
attacked) at an early stage of their advanced gtudies. These featuces enable
8 group of particularly talented science and engineering students to becoge
directly familiar vith the areas of science and technology in which DOE is
zost interested. The fellowship programs thus provides scientists and
engineers with the expertise and encoursgement to make contributions in
selected energy research sreas in their later careers.

On the other hand, students applying for such fellowships are much less
sature in terms of ressarch sophistication than those applying for
postdoctoral research fellowships. Thus, the applicant’s ability to select
and/or propose specific research plans may not be very useaful as a eriterion
for fsllowship aelection, in which case this sslectsd fasllowship program in
sffect 15 not very diffarent from a “generic fellowship™ program. The Panel,
however, concludes that these fellowships serve to bring excellent atudents
into areas of energy research and constitute an important component of DOE's
sducational prograss.

Fsllowship programs that gpecifically target underrepresented minorities
and women sre not widely available at the DOE laboratories. Recently the
Lavrence Liversors National Laboratory initiated such a fellowship program,
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the National Physical Science Consortiua. The program is modsled on the
Graduate Education for Minoritiss program which is designed to suppert
graduate enginsering students and currently has 200 students in the sclence
and engineering Pipaline. The Barfonal Fhysical Science Consortium will offer
a unique combination of financial aid, ressarch experiance, and sonitoring
through s joint university-industry program. At LINL, the first applications
for thia nev progrsa will be accapted from ssnior undargraduate or graduatas
during the fall of 1988 with the first fellows starting their programs in the
suzmer of 1989. This program has potential for lmplementation at all DOE
national laboratories.

Follow-uyp studies show that fellowship prograns of the DOE, and its
predecessor sgencies, have genorally been very successful.29/ Information
gothered on past fellows by the Oak Ridge Assoclated Universities indicates
that high percentages of all fellowship holders complete graduate dagrees and
continus to make significant scientific contributions in fields of interest to
the DOE. Bssad on anecdotal responses by former fellowship holders, the Panel
concludes that the availability of fellowship support at critical points has
strongly influenced the careers of soas of today's leading scientists and
engineers. The Panel thersfore believes that the fellowship prograa should be
expanded beyond the present two percent level to perhaps twice that level, but
kept in balance with other aspects of research support.

3, Postdoctoral Appeintaments

Postdoctoral research experience is an important part of the training in
some scientific disciplines. Many young recent FhDs need an extended period
of additional research-related experience belore they are ready to asswre &
full research caresr. This extra time is considered by many academic
institucions to be an sxtension of the graduate education process.
Postdoctoral resesrch appointments are also important “entry points" to U.S.
science for foreign scientists, many of whon subsequently spend a large part
of their careers in the U.S. Approximately 725 postdoctoral researchers are
currently supported on DOR university grants and contracts.

The DOE laboratorias rspresent important, in many cases unique, resources
for postdoctoral research. The state-of-the-art, often unique facilitlies and
seientific instruments available at the DOE laboratories are particularly well
suited to postdoctoral-lavsl research and training. The DOE laboratory system
currently supports 350 to 400 on-site postdoctoral researchers each ysar.
These researchers supply & valuable spurce of nev tslent for DOE ladboratory
resesrch and developaent programs. Laboratory requests for postdoctoral
researchers excesd the nusber of available funded positions by a ratlo of
two-to-one.

23/ DOE Student Research Participation Progxam. Profile ond Survey of
1979-1982 Participants. U.S. Departmemt of Energy. Frank M. Vivio, Argonne

National Laboratory; Wayne Stevenson, Oak Ridge Associated Universities,
January 1988.
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&, Special Postdoctoral Programs

The DOE supports about 50 special postdoctorsl fsllowships administered
by the Office of Fusion Energy, the Fossil Energy Program, amd the Office of
Nealth and Environmental Ressarch. Included in thesa programs sre the
Alexandsr Hollandar Distinguished Fostdoctoral Fallowships created to be
supportive of the mission of the 0ffics of Haalth and Environmentsl Resesrch.
Diatinguished postdoctoral fellowships sre also offered by s mumber of the DDE
laboratories. The Pamel believes that the diatinguished postdoctorsl
fallowship programs are effsctive in sttracting top level talent to the
lsboratories, theraby centributing significantly to upgrading the quality of
ressarch st the laboratories and to elevsting the perception of the
laboratories by the rsssarch commmity.

1he Parel concludes that the rsssarch mission of the DOE will be seversly
curtailed 1f sdditional mumbers of bright and tslented young peopls are not
encoursged to enter scientific snd technicsl fislds of particular reélevance te
fundamentsl acience and to energy research.

Recommandat {ons

1. The Panel recommends that the DOE continue to emphasize its sducational
oission primarily in support of graduate students snd postdoctoral fellows
through university grants and contracts vhich slso serve the research mission
of tha Departaent. The recomsended level of support should be increased In
those disciplines of specisl importance to the DOE’s fundamental science and
energy mission.

2. Tha Pansl recommends that stable snd pradictable funding levels be
provided for university-based ressarch projects involving students by oaking
sult{-yesr compitments.

3. The Panel recomsends that targetad graduate amd postdoctoral research
fallowahip programs ba increassd by ths DOE in sress of scisnce and
engineering of particular importance to ensrgy prograss, with particular
smphasis givan to sraas that have limited umiversity research funding.
Special targeted fellowship for underreprasented sinorities and women should
ba sstablished.

&. In tha fulfillment of its mismsion to support advanced sducation and
resastch, the Panel recomsends that the Departwent continue te focus on
quality in its efforta to develop lmzn resources.

€. Undargraduste Education

Undergraduate students represent a reaal oppertunity for the Dspartment to
dixectly influsnce specific caresx choices in scientific and technicsl fields.
Traditionally, the DOE has accomplished this by providing opportunities for
hands-on resesrch experience. ‘These pPrograss havs proven to bes sxcellent
vehicles to stimulats and sncourags young collsge students to pursus
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graduate-level degress in scfentific or technical flelds of direct interest
and relevancs to DOE.

DOE providas support for undsrgradusts students and undergraduate
teaching faculty principally through the University-DOE Laboratogy Coopsrative
Frogram (Lab-Coop Program) and the nev DOE initistive, the Science snd
Enginssring Ressarch Semescer (SERS).

1. DOE‘s laboratory Cooperative PFrogram

The cbjective of the Lab-Coop Program, initiated in the mid-1950s by the
Atomic Energy Commiasion and sdministrated through the Offica of Enexgy
Research, 1s to sttract younger scientists snd sngineers into energy-ralated
carssrs by providing "hands-on" ressarch experience at the naticnal
laboratories for studants and faculty. Up to 1200 undergraduates and 250
faculty mesbers psr year participats in suamer ressarch and instructional
programs conduc.ed at over 30 DOE laboratoriss and contractor facilities.
About half of these participants are from ssall, predosinacely undergraduate
institutions. (Traditionally, about £ of the nation’s sciencs graduate
student population alss comse from such nstitutions.) Tho students work as
members of laboratory ressarch teams, sometimss in conjunction vith faculry
ssmbers from their home institutiona. The mmber of participants 1z axpanded
somowhat (estimated at about 20 percent) by supplemental support from the
ressarch budgers of the national laboratoriss in rscognition of the mutual
bene..is to the laboratorias smd the visitors.

The progran is particularly attractive te students and faculty coaing
from small, non-research collsges and univarsities, easpecially those located
near the national laboratories. In recant years, the progras has encouraged
and emphasized more participastion by women and minoritiss. Nore than
ons-third of all the undargraduats student participants in the Lab-Coop
Program from 1979 to 1982 wera women (for comparison, 11 percent of all
scientists and sngineers ars women whils 15-17 percent of a1l scisnce and
snginsering studsnts sre women.); eight percent of the participants wers Bleck
and thres percent were Hispanie (for comparison 2.5 and 2 percent of
sclentists and enginssxs ars Black and Hispanic, reaspectively.)

The Panel believes that this program has proved to ba an sxcsllent
vahicle for exposurs of undergradusces <nd faculty to the research and
davelopment sctivitiss of the DOE national 1sboratories. Its record of
succass is impressive: mors than two-thirds of the undergraduats participants
pursue graduate study in sclencs, enginsering and relsted disciplines;
approximatsly 60 percant of the students report that this 1is a dirsct result
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of their Lah-Goop experience.})/ The program haz been sspecially affective
in encouraging women and minorities to go on to groduate stwdy and careers in
science and enginesring. In a survey consucted by the Department and
publighed in 1988, “The U.5. Dspartment of Enargy Student Research
Participation Prograa,” 40 percent of the female participants indicated that
participation in the program had influenced to a large degree their decis’on
to attend graduate school, whersas only 23 percent of the males made a similar
indication.

The program received a large funding increase in FY 1984 and has
contimiad to increase each ymar since. The Panel bslisves the Lab-Coop
Program to be especially worthy of incressed funding. Student interest is
high: for each positiocn offered, five applications are received.

Uithout exception, the national laboratories have contributed internal
funds to support their undergraduate education programs in recognition of
their unique mission and, in some ceses, specific geography. To the extent
possible, this supplemental support comes diractly from the budgets of the
laboratoriss and depends significantly on the commitment and interest of the
laboratory staffs. Through their annual inatitutional plans, the national
laboratories report strong interest in this program as a source of talent and
vitality, and for maintaining the 1ife blood of many fields important to
national energy security. The Panel believes that ssveral lshoratories have
@made an excallent effort and should be comsended for devsloping programs that
ars lonovative and stimulating; the laboratories should also be cosmended for
developing programss that are designed to recruit women and underrepresented
sinorities Into science and engineering. These programs, which eaphasize
intensive "hande-on" undergraduate research experiences, can serve as models
for other Federal and industrial laberatories.

2. Science and Enginesring Ressarch Semester (SERS)

The Science and Enginesring Resesrch Semester is a new program initiated
in FY 1987 as an integral part of ths Lab-Coop program. This progran was
initiated as one response to the Secretary’s interest in significantly
expanding the opportunities available to students at the DOE laboratories.
Undergraduatas participating in this program are sslected from applications
solirited nutionwide and receive & 16-week semester research/instructionsl
sppointment at one of five participating national isboratoxies: Argonne
Kational laboratory; Lawrence Berkelay Laboratory; Pacific Northwest
Laboratory; Dak Ridge Nutional Laboratory; and, Brookhaven National
Laboratery. In contrest to the Ladb-Coop Progrss, students may receive
academic credit for their participation in the SERS program by taking courses
sponsored by nsarby universitiss and some students receive academic credit for
the ressarch expericncr as wall. Some laboratories have large nuoders of
residunt university-aciredited staff mesbers able to oversee students who
receive academic credit for their laboratory sxpsrisnce.

0/ Ibid.
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The SERS progran began in the Fall and Spring semssters of 1987-1988 with
approximately 120 students. Plans are to expand gradually the progras to 400
to 600 participanta. One attraction of this progras is that students are
expossd to DOE laboratory research and spscialized instrumentation as part of
theair scademic training.

3. Faculty Ressarch Participation

The undergraduate faculty research participation program provides the
opportunity for faculty from predeminantly undergraduate institutions to
participate in atate-of-the-art resesrch projects during the summer and
academic year. The Panel believes that thess prograss provide a valuable
opportunity for thoss faculty who ars intsrested in research but have linmited
opportunities to participate in advenced research because of institutionmal
1i{mitations (smsll liberal arts colleges, undergraduste enginesring colleges,
etc), This progras allows these faculty sesbars to perticipate in new
developments io their research fields, enabling thes to continus to transair
the latest knovledge in their fields and to share with their students the
sxcitesent of discovery. The DOE laboratories which sponsor this progras
generally receive two to three times as many qualified faculty applicants as
there are funds aviilable to support them. The Panel notes that because the
faculty participate more actively in the research and because the costs of
faculty stipends considerably axcead those for students. faculty appointsents
are funded primarily from laboratory rsssarch funds, which lsaves the Lab-Coop
funds prisarily for undexgraduate Student sppointments. The Panel recommends
that the DOE continue support of ttes Faculty Ressarch Participation program.
at least at its presant suppert level.

§&. Discussion

The Panel believes that the Department should continue to swphasize its
research programs for undergraduate atudents and their associated faculty.
Undergraduate contact with faculty most active in resesrch and consulting is
regaxded as s major fector in encouraging students to pursus careers in
science and enginsering. The Panel, therefors, believea that the DOE should
significantly enhance its suppert of undergraduata research by sncouraging
Principsl inveatigators supported by DOE grants at universitios te actively
recruit undergraduates to participats in university-based ressarch prograss.
Such encouragement could be provided in the DOE program snnouncements
describing university funding opportunitias.

The Panel considered the issue of undergraduata fsllowships in energy
manpover areas designated to be ip short aupply and concluded that such
targetad followship programs ars more effective at the graduate and
postdoctoral levels.

The sffactivaness of all the undsrgraduate Programs supportad by DOE
should continus to bs closaly monitorsd and evaluated. Programs should ba
sxpandad based on comparison of the results of these svaluations. Particular
attention should bs paid to ancouraging woesn and minority studsnts to pursue
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their interasts in science and engineering atudies at the undergraduate level.
As noted on page 14, woman and minority students experience a higher drop-out
rate bofore their junior year in college than their white male counterparts.
For such former students, re.entry prograss {n technical areas of greatest
need To the DOE could be mutuslly bdensficial.

Recommendat {ons

1. The Panel recommends thet the DOE increass support of undsrgraduate
students in the Lab-Coop and SERS Programs. Priority should be given te women
and undsrrepresentsd minority students and to students frem *nstitutions
having little or no in-house research activities.

2. The Panel rocommends that the DOE encourage principal investigators to
actively recruit undergraduates as participants in ongoing. DOE-sponsored
university-based regearch programs.

3. The Panel recomsends that the DOE support the development of vigorous
programs sxplicitly to attract and retain a larger fractfon of under-
ropresentad minoritiss and wowen (including those re-entering the field)
under yraduates in science and engineering, particulsrly in areas of graatest
.nead to the DOR.

4. The DOE should maintain ar least the current level of support in the
Faculty Research Participation Program for faculty froam undergraduate
instirutions, particularly faculty from small, non-research institutions who
might not otherwise have an opportunity to participate in advanced research,
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Chapter 111
PRECOLLECE EDUCATION FROGERAMS

A, Introduction

The DOE cannot afford to ignore the precollege education system in the
U.5. Tt includes 45 million students, 2.5 millfon classroom teschers, and an
ennual budget of nesxly $200 billfon. Many recent reporcs have highlighted
the dacline of the academic schievement of U.S. precollege educstion. While
this decline adversely affects the potential telent pool for DOE research snd
developzent activities, it fs not feasible for the DOE to tackle these
problems .alone.  To achieve sny headvay with improving the qualicy of
precoliege science « ducation and achisvement, concerted effores by the DOE
together with the Nstional Science Foundation and the Departmsent of Educstion
will be needed. In this chapter we present some initiativas which tske
advantage of the unique resources that the DOE can offer to address these
problems. '

DOE's interest in precollege education results from 1ts nesd for a
continually replenished supply of qualiffed scientists, engineers and
techniclans. In this context, DOE has a responsibility to join the national
effort to assist and support educators in providing quality science and
mathematics instruction at the precollege level. Precollege education
prograss include thoge programs directed at students and fsculry in elementary
and secondary schools and in community colleges (ser APpendix D and E.)

The strength of the Department's precollege educatien programs lies in
the DOE lsboratories, their staffs, and their facilitfes. Exposing students
and teschers to "live science” in a DOE laboratory can ignite the intersst and
intellectual curfosity of students and cen vitalize snd revitslize teachers
and the members of the teaching profession. Even informal encounters with
sclentists can be pivotal in stimulating young people to pursue carssrs in
science and engineering.

Toward that end. the Department supports precollege educstion programs
that encourage young psople to pursue careers in energy-ralated scientific and
technical flelds. As pointed out in Chapter I, the first, seventh and tenth
grades ars particularly isportant intervention points when encouragasent of
sclence and mathematics studies can ba particularly effectiva. Some DOE
programs are aimed at snhancing the knowledgs base and genersl sclentific
litsracy of all students {n order to enhapce the overall capabilities of the
U.5. work force, while othar programs provide access to state-of -the-art
rosearch facilitiss for education and research activities for comsitted
students and teachers.

In reviswing DOE's current precollege prograss, the Pansl believas that
the Department and its laborstorics hava done a resarkable job in providing

opportunitiss for the best and brightest studsnts te work directly with
1eading ressarch sclentists. Thess sarly contacts with the exciting world of
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advanced science serve to encoursge these young people to puraue their
interests in science to the limits of their capabilities. The Panel believes
this to be an appropriate and unique role for the DOE and ancourages the
strengthening of these prograns.

The discussion of the precollege education prograss starts with a SumBary
of the present precollege program (both in the text and in Appendix D and E).
In assessing these prograss, the Panel fdentified arsas where isprovements
ware neadsd, both from a prograsmatic and management standpoint. These
findings are then presented, followed by further dizcussion of the role of the
DOE i{n precollege education and a hrief summary of the overall firdings.

8. DOE"s Precollege Programs

Most of DOE's precollege effort is focused at the high school level.
Several DOE laboratories, however, hove also conducted programs at
elementary-school and community-college levels. Most of DOE's current support
for precollege programs goes to programs conducted at the DOE laboratorics.
These laboratory efforts include both formal and infurmal activities that are
funded with direct support from DOE or are carried out through & cosbinarion
of resources including research program funding, grants, and volunteer
effores.

1. DOE National Programss

At the high-school level. most of the DOE laboratories provide
opportunities for high-school gcience teschers and thelr high-achieving
students to become involved in lahoratory research and/or to take agvantage of
laboratory resources to develop materials for use in high school science
classes. Opportunities ars also available at many of the DOE laboratories for
students, principally minority students, to learn about future careers in
sclence and engineering while particlparing {n apprentice learning programs.
Progrsss for teachers include training institutes snd apportunities to develop
instructional materials.

The principal emphasis of DOE’s current precollege programs, however, is
on providing opportunities for the most competent and confident high-school
science students and teschers to interact with scientists and engineers at the
DOE laboratoriss. The post nationally visibls effort of this type is the DOE
High-School Science Student Honors Research Program. Initiated in 1985, the
Program imvolves students from each state, including Puerto Rico and the
District of Colusbia. Students participats in & two-week summer research and
instructional progras at participating DOE laboratories in such research aress
8s computer science, environmental research, 1ife sciences, elementary
particle physics, and superconductdvity. A sisilar program, plammed for FY
1989, will target high-school science teachers.

The principal DOE precollege program not conducted at or with the
national laboratories is the Prefreshman Engineering Program (PREP).

Engineering (or enginsering-affiliated) achools at universities compete for
funda to conduct summer {nstitutes for its targer audisnce. This Progran
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+ h20ourages wvomen and sinority students st the junior and senior high school
i*val to consider caresrs in engineering or related fields. The PREF programs
<ipports approximately 2300 studants sach year. Stactistics indicste that over
U parcant of the woosen or minority atudents who have participated go on to
sncoll in collage-level enginesring or science programs. Scome individusl PREP
projects report that ovar B0 percent of their participants go on to major in
uilege onginvsring/science pPrograas.

The Departasnt also supports susmer resasrch institutes for precollege
s*udents and teachers. During FY 1987, owver 300 high-school science teachsrs
sl 460 science students from junior, middle and sanior high schoola
participated in sumser research and instructional programs at DOE facilitfes.
This totsl includes programs that each ysar terget mors than 200 sinority
students who work as laboratory research apprentices.

2. Laboratery Inftiatives

The Panel finds that the degree of success of the DOE precollege programs
1. evident in *he willingness and interest of staff at individual DOE

‘+horatories not only to carry out DOE-supported national programs but also to
‘vlciate complementary Programs with locsl schools.

Significant among the model programs initiated by the individual DOE
tyhoratories are those that respond more specificslly to educarional nesds of
ts achera to remain current in their fislds and te gain motivation and
irspiration for renewing their professional comsitment. Leading smong these
t=acher programs mre institutes and jobs programs designed to enhance the
srrparation of science and mathematicso teachers and to provide sumwer
vriployment . Sisilar programs ars also conducted for high acheol students,
/articularly for women and minority students.

Introduced in 1984 at ssveral DOE laboratories is a nationsl teacher
program, Residence in Science and Technology (REST), which has the potencial
*, become & program that all DOE laboratories may conduct in comwon., Current
nirticipating laboratories are Argonne, Brookhaven, Lawrence Bsrkelay,
iawTence Liversore, Los Alamos, Oak Ridge, and Pactific Northwest Laboratory.
Yis pProgram targets outstanding teachers, sslected nationally, and allows
tlLem to participata in ladoratory research and to develop instructional
sirategies and materials bassd on this experience. A significant component of
a nusber of the teacher programs s tt. instructional materials the teachars
divelop from their laboratory ressarch experisnce. For their work, some of
these teachers are avarded graduate-level education credits by agreement wirh
‘egional universitiea.

Prograss at the DOE natfonal laboratories also target & local sudience of
H§sh-school and/or jumior-high or middle-school teschars and atudents
throughout the year. Progrsms that ars primariiy conducted for outstanding
students (and their teachers) include raser.ch porticipation, apecial avents,
end vorkshops. Programs dirscted st sinority and female students include
curiculum Projecta, in-house tours, lactures, and workshops.
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A varisty of spocial events conducted st the DOE laborsteriss recegnize
achievement in science sducation and provide ancouragemsnt to science and
mathematics students and teachors. Sponsorship of sclance falrs,
prassntations at seetings of school sdeinistrators and school board pesbers,
publication of studant project books bdamed on ecurrent ressarch at the
laboratories, prasentation of sciance awsrds in awards ceresonies at the
schools, scholarships and awards for excellent teacherr and students are
exanples of special events.

The Panel notes that very few of the current precollege programs at the
laboratories are designed for teschers who are tesching outside thelr
rwrriculum areas, for remedial students, or for the disablod. What programs
thers are to increase general scientific literacy include direct classroon
instruction, outreach through professionsl organizationr or partnerships with
school districts or industries, and ad hoc support activities such as loaning
squipmsnt fo schools or providing persommel to judge science fairs or to tutor
students.

The Panel commends the D:partment for the nmumber, variety, and quality of
existing precollege Initistives, a ;umber of which began during the last three
years. The DOE laboratories have clearly responded to local and regional
interasts by developing excellent programs that peet educational needs in
local and regional communities.

The Panel believes that a healthy precollege science and sathenatics
education system is essential to carry out the Department of Energy’s mission.
From available indicators,3l/ the Panel finds that the U.S. precollege
education system needs strengthening. Becsuse the precollege education system
im huge, the DOE canmot expect and should not alone try to influence the
entire systea. DOE can help by closely working with other Federal agencies,
business and state and local governusnts to improve the systen with steady,
rellable and encouraging support. The Department can be particularly effective
with carefully selected sducation prograns, as discussed in the next section.

€. Arsas for Improvement
1. Targets for DOE Programs

The Pansl concludes that & stable, more targeted effort by DOE in
precollege education is needed. The Panel finds that the DOE has mot yet
concentrated its sfforts where the most 800d can be done, particularly at the
kay intervantion points, or nodes. In maximizing the effectiveness of
precollege programs, tsachers are key. Through the pultiplier offect,
teachers can reach the largest number of students and attract and retain thes
in science and mathematics studies,

A/ i
Edited by A.B. Champsgne and L.E, Hornig, American
Association for th. Advancoment of Sciencs, 1987.
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Precollege science teachers tend to be isolatad from new davalopaents in
thelr disciplines within a few yrars aftar they lsave college and enter the
tlassroom. They have few opportunities for kesping current in their fields or
for davaloping the kind of collagial ralationships with resesrch aclentists
that could help to enhance the status of the teaching profession. The
centext in which tsachers work often sitigates against quality ipstruction. A
syriad of pon-instructional duries such as hall monitoring, lunch duty, and
niscipline problems both divert teacher attention from their central
instructional yoles and inhibit their participation in DOE-sponsored
aducational opperrunities. To provide s mere favorable enviromment for
toacher participation in in-service programs, the DOE laborateries should
~s2ablish partnerships with the schools, and create bonds with the state and
Incal achool authorities, the unions and the taacher’a professional
3stociations, Several prograss that allow teachers to pracrice "hands-on
s-ience® are currently in place at the DOE laboratorfes (Ses Appendix D and
t'. The Panel finds that insufficient attention has besn gziven to how these
‘= achers could influence their own institutions once they return. The DOE

sloratories have not taken full advantage of the extensive evaluations made
b7 NSF and other agencies that offer guidance for designing experisnces for
reachers that are likely to result in substantive long-tera change.}2/

The Departaent also has faw prograas to update the average taacher,
retrain the crossover teacher., and axcits tha capable non-scienca orfented
stadent. Cuirent DOE programs tend to alm st those teachsis and students whe
are already cosmitted to snd qualified in science. While some DOE progravs
=«igt specifically to draw traditionally underrspresented minorities and . 5.n
into the pool of scisnce cnd mathematics students, the sffort in this are« is
tiot strong and does not sffectively use the extraordinary potential of the DUF
laboratories to enhance science esducation in the United States.

Further, most DOF precollege programs for students concentrate on
st {mulating the interest of high-schoel students. Few Programs ars focussed
«n students i{n the pre-high-schocl years, and few prograss hava been developed
that address effectively the {asue of improving sclence and sathematics
education as early as possidble in the school experiance. As discussed in
Chaptar 1, aarly intsrvention can have a great {mpact on the science education
of young students, sspecially on minorities and females and especially when
rhe intsrvention targets the teachers -- not nacessarily scisnce specialists
-- who work with these underrepresented students.

The Panel furthex finds too low a number of highly talented young people
electing carsers in science teaching. The Pansl discussed savaral mechanisas
to increass the nmumbsr of talented young people entaring science taaching
rarsers. Farticulsrly promising is a tsacher training fellowship program for
Tupport to students, with an undergraduate degres i{n sciance, mathematics, or

2/ Opportunitics for Stratogic Investment in K-2 Science Educatfon:
Lptions for the Natiopal Scisnce Foupdation, Volume 1, 1987, pp. 84, 95,
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snginearing, to complats o Master’s dagree in Educstien. Such & program would
offer strong incentives to highly talented pecple to enter science teaching
carcars at the pracollage lewei. Ths Panel fecosmends that the DOE strongly
endorse and participate in efforts by the Rational Sclence Foundation and the
Departasnt of Education to sstablish such a graduate fellowship program.
Opportunities for sumser ressarch assignments to science sducetion students
could also have a sisnificant impact on enhancing the attractiveness and
sffactiveness of this scisnce tsacher sducation prograa.

Another promising progras for enhancing thae gquality of precollage sciance
aducation would allow professional scientists snd engineers to divide their
tise batween precollmge scisnce teaching and DOE laboratory research.

Spacific ‘sdvantages of this approsch include continual profassional
vitaligation for in-service science teachers through hands-on ressarch
sxperience, sasoclation with activa and praductive scientists, snhanced
professional recognition, and increased financial rewards. One implemsntation
of this concept could de through altsrnating teaching sctivities during the
academic year with full-time ressarch participation at & DOE {or industrial)
laborstory during the susamer sonths. Another possible inplementation could
combine prscollege teaching with reasarch work at a DOE or industrial
laboretory during the work week, with full time resasrch participation during
the aumerr. The Pansl fesls that this approach has ipherent flexibility with
regard to the fraction of time sllocated to teaching vs. ressarch, how the
time allocstions are distributed during the school or calsndaxr Year, and vhere
the ressarch is carrisd out (DOE laboratery or industry). Ths Panel beliawns
that the DOE could play an isportant role in catalyzing such a progrss which
could then Ls extanded to other settings and formats. It is felr that thias
program has the potantial for meeting the noeds of & large nuabsr of
in-service teachers and school districts in a modality that would de
accsptable to the prassnt education infrastructure.

2. MNManagement

With several exceptions, the precollege activities initiated at the
1aboratory level have been "bootlegged” from support for univeraity-level
programs or supported by voluntesr efforts. The Fanel belisves that
volunteserism 15 f£ine, but it thrives if adequately funded so that a stabls,
ongoing commitment {s achievsd. The Panel thus concludes thet stabilicy of
commitment and funding is needed ro sustain the Infrastructurs of precollege
sducation prograss.

The Panel finds that the Department’s limited education rssources are not
used as effsctively as they might de at ths precollege lavel. Ao isproved
infrastructura is nesdad to support the DDE precellege education pPrograms.
Mscauss no formel network now sxists, effectivs strategies davalopsd at one of
the DOE laboratories sre rarsly disssminsted among other DOE facilities, por
to those in the sducational comminity who could use tham, No long-rangs
planning has taken place that would includs & mechanism for reaching conssnsus
among ths DOE laboratories on progran pricritiss, objectives, svaluation, and
dissemination of programs and saterials.

Q

ERIC

Aruitoxt provided by Eic:



Q

Currently, fow mechanisms are in place to track progras participants or
to monitor the fraction of the studants going into graduate lavel work and in
rarticular into specislized emergy arsas. By virtus of the size and
cen:zalizsd contrel, the Departsant could, prammably, coordinate activities
and disseminate rssults of program svaluations to an sxtent currantly not
possible or probable slsswvhers.

The DOE has elso not taken full advantage of the strength to be gained by
establishing communication networks to facilitate cooperative efforts with
privats industries and other federel agencies, such as the National Science
Foundatfon, ths Department of Defanse, the Departmmnt of Education;
prefessional orgenirations such as the National Science Teachers Assoclation,
the Aserican Association for the Advancement of Science, the Association of
Sciance Technology Centers, the Council of State Sclence Supervisors; colleges
ard univarsities; state agencies; stc. Intersgency collaboration is difficulr.
1uc it must ba done to enhance the offectiveness of ths sducation programs
uncertaken by DOE. Useful partnerships with other entities could and should
b tostared using the unique resources and strengths of eech.

D DOK's Rolas

In general, ths Panel racognizes that the DOE can play a lsadership role
by developing sustained partnsrships between the DOE laboratories and the
schools to promots the development of & broad pool of competent and interested
scivnce lsarners. Through such partnerships, the Departwent is in & position
1o sromote wide interest and understanding of science and of the neesd for
qua'ity science and mathemstics educetion.

In collaboration with the National Science foundation (NSF) or other
agenciss, the DOE could devalop a comprehensive tescher-enhancement project
which would involve similar programs conducted across the country. With
science sducators involved in planning and implementing programs, snd with the
support of local school administrations, thess programs could go a long way
toward invigorating science and sathesatics in-service programs. Sclence and
mathematics teachers genarally regard the NSF's Science Teacher Institutes s
the sost successful of the 1560s prograss to davelop sclence educators. Many
teachers deplore thair demiss. Extensive NSF sveluations of that program give
guivance for future planning, a.g., how to design experiences so that they are
11x¢1y to result in substantive long-term change.ld/

To develop programs that reach a broader group of teachers and students,
the DOE will need approaches and strategies different from tnose used to Treach
confidant and competent teachers and students. Speclal efforts are neaded to
e-large the pool of talent by clearly showing the geénaral student the
rxcitement, methods, tools, processes, and implications of scientific inquiry.
In particular, more opportunities in non.traditional ssttings could bs offsrad
ro those teachers who most nead help but ere least liksly to seek it.

3/ Ibid.
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Eatablishing a communication network among the DOE laboratories would
allow the offective DOE precoliege programs to be better exploited; ideas
could be shared; and the various program modals can bdo sonitoresd and
svaluated. In addition, thers should de a coordinated sffort to develop new
prograns based on formal needs assessments and program evaluations. A part of
this new infrastructurs could bs a five-year sducation program plan which
would include & mechanisa for reaching consensus among the DOE laboratories on
progran priorities, objectives, svalustion, and dissemination of programs and
saterials. But unless the Department is willing to provida appropriate
rasources to sustain fts effort for five ysars or mors, the effort will not be
worthwhilae.

. Viodings

Tha Panel finds that the U S, precollege education systes nesds
strangthening, that DOE has an important role to play in strengthening
praccllege sducation, and that the DOE should do more i{n precollege education
than it has in the past.

The Fanel finds that the strength of the Departaent’s precollege sclence
education programs lies in the DOE lsboratories, their staffs and thelr
facilities. The Departament and its laboratories have done a remarkabls job in
providing opportumities for the best and brightest young students to work
dirsctly with leading research acientists. The Pancl finds that the degres of
success of the DOE precollsge prograns {a due to the willingness and interest
of scientists and staff at DOE laborstories not only to carry out
DOE-supporred national programs but also to initiate complementary prograas
with local schools.

The Panel concludes that the DOE nesds to concentrate more of its efforts
in the precollegs area whers ir can do the mast overall good: nanely at
teachers. Through tha multiplier effect, teachers can reach the largest
mmber of students at key intervention points and attract and retain thenm in
scisnces and pathomatics studiss. The Panel finds that an f{mproved
infrastructure s needed to support the DOE's pracollsge education prograss,
The DOE nesds to take advantage of the strength to be gained by establishing
comnmnication networks to facilitate cooperative sfforts wich other federal
agencies and private industries. The Panel further finds too low a nusher of
highly tslented young people slecting carsers in sclence teaching.

Sscommandat ions

1. The Panal recomvonds that the Department establish an infrastructure, a
communication notwork, and s five-ysar plan to provide stable support for
preacollage sducation programs,

2. The Panel recomsssnds that the Department strongly endorse and participate
in the sfforts by the Natipnal Science Foundation and ths Department of

Education to establish graduate fellowship prograns for a Masters degree in
science sducation for science/enginesring/tech. ology baccalaureate graduates,
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The Panel further recosmenda that DOE provide opportunitiss for futufe science
teachers to participats in laberatory rassarch programs.

1. The Pansl recommends that DOE initiate s program for allowing in-service
science teachers to divide thair time bstwssn classroom tsaching and
participation in DOE (or industrial) research during the calendar ysar.

4 The Panel recommends that the Department dsvalop formal partnerships, and
strengthen sxisting partnsrships, bstween DOE laboratories, teschers, and
state snd community organizatisns dedicated to snhancing student invelvesent
in science, mathematics, and engineering.

5. The Parel recommsnds that DOE target studsnts who demonstrate high
achievement, commitment, or potentisl in science, and involve thass students
in formal snd informal programs that allow pPersonal encountars betwaen them
and working sclentista.

5. Tha Panel recommends that DOE base its pracolleges programs ov ti
following guldelines which ensure that programs reach the largest nmuaber of
students and are most sffsctive in retaining thea in scisnca and sathemstics
sducation. Thess guidelines should be either on the followsd or modifiled,
depeiding on sach DOE laboratory’s unique strangths and on the successful
education programs that are currantly is place.

. Concentrate on developing prograss for teachsrs. Ewphasize programs
that 1) help teachers snhance their scisnce skills and understanding;
2) provida teachers (and students) with hands-on science activities;
and 3) encourage understanding of the relationships betwean science,
tachnology and society.

- Assess needs involving both educators and scientists in the process.
- Evaluats the effectivensss of ongoing programs.

- Terget the grads levels that individual laborstories csn reach
affectivaly. Some programs should gives spscial consideration to young
studants and their teachers at the slemsntary and middle school lowels.

- Develop and support vigorous prograss to stimulate and nurture the
intersat of young women and underraprssented minoritiss to participate
sore fully in the DOE education programs in science and engineering.

- Collsborate with sducators and rsssarchers te develop instructional
materials for taking advantage of state-of-the-art audic-visual aids,
computer technologies and other slectronic delivery systems, and
strategies for sxploring Telationships betwesn scisnce, technology and
society. Efforts in this arsa should focus on devaloping materials
that can be integrated into or used as & supplement to existing sclence
curriculs.
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CHAPTIR IV
PURLIC AWARENESS AND OCONTINUING LDUCATION

A. Public Education And Avarsmass

The Panel believes that & well educated and informed citizenry is
extresely jmportant to the success of the Department’s mpigsion. The best
offorts of capable scientists and engineers to develop and transfer new,
energy-related technologies may be In vain {f the general public does not
understand and, thus, way be unwilling to support technologically based
advantagsous policies and energy options. As snergy policy evolves, public
acceptance is necesssxy for its {mplementation. Public acceptance may range
from conserving energy to making circices on various snergy options and
environsental issues. To make wise choices, the public needs s basic
understanding of scisntific and technicsl issues in order te distinguish
between reasonadle and unreasonsble palicies.

The importance of education to t.a DOE mission ghould be emphasized in
official DOE statements to the public. Key idess that could be presented are
given in Appendix G,

Educating the public 15 a multifaceted task, requiring cooperation with
schools, state snd local egencles, industry and the media. The Department can
make some inrosds into public emergy education by sponsoring library and
sussum exhibits, evergy fairs, TV science spots, and other SNErgy AVarensss
prograns. Direct consumer mailings and speakers buresus coordinated through
local agencles or utilities are ocher possible avepues of contact with the
genoral public,

The long-ters results, though, will come from efforts that go hevond
consumer or citizen education and address the root causes of the barrier
betwsen technology and society; nsmely. the perception by many adults that
avarage psople cannot understand science and mathematics, Many Asericans are
fearful of studying mathematics and science, and distrust technology. Parents
and sven teschers may convey this perception to their children at & very early
age. Experiences in Pacific Rim countries demonstrate that mathematics and
science can be successfully taught to most precollege students.3s/

The Panel bslieves that children may provide the ultimsts chsmnel through
which science education materials reach parents, since the "class® in adult
education efforts is dispersed. Fsct sheets, sclence and math homework
involving parent participation, even a series of sducational video cassettes
that children can check out from their school 1ibraries and take hope to share

34/ "Mathomatics Achievement of Chinese, Japsnese and American
Children.” H. W. Stevenson’s and J. W. Stigler, Science Vol. 231, No. 4739,
1986.
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with their families, should be investigated as potantial methods for educating
adults, to the mutual benefit of childran, parents and teachers.

The Panel belisves that the best contribution the Depariment can sake to
public science education is to encourage DOE laboratory scientists and
engineers to raach out to the parents of young childran through the schools
and through such school-bassd groups as the Parent Teacher Associations and
scisnce suseums. One innovative program of this kind is the "Femily Mach
Series®)5/ devwlopad by staff at the Lawrence Hsll of Sciancs at ths
Univeraity of California at Serksley. Through the parsnts work with thair
school-age childran on math problems Xeyed to shat the child {s learning in
school. The program is positive, nonthreatening and fun, and starts with
activities for vary young children.

B. Contiming Education

The Panel recognizes that, hecause of the increasing rapidity of advances
in science and technology, the need for continuing (or 1ifelong) education has
assumed increasing importance in upgrading both tha knowlsdge base and the
specific skills of smployess. For example, in today’s technological work
force, the use of coaputers is all-pervasive, yst many sature Practicing
scisntists and sngineers have no formal training in computer science.
Universities, professional societies, and industrial companies have
ostablished & largs mumber of intensive summer minicourses, focused svening
courses, and video courses (sometimes with tutora) at the workplace and other
modalities to meet the needs for continuing educstion of today’s tachnical
workforcs.

In these sndeavors, the DOE laboratories could play a leadership rols in
upgrading the skills and knovledge base of tha American workforce. The DOE
lsboratories are in an sxcellent position to provide continuing educarion for
their own personnel, at doth ths professional and technician level. Once in
place, continuing sducat on programs at ths DOE laboratories could then become
availadle (on a full cost recovary basis) to meet the continuing education
nesds of local industry, particularxly DOE contractors or industrial persomnel
requiring specialized training in snergy-ralated science and technologiss.

Gontinuing education and intern programs at the DOE laboratorises could
havs a significant impect on upgrading the skills of technicians. Since World
War 11, the armed services have played an important rola in the training of
technicians to mest the nation’s dafense nesds. The DOE labs could play a
similar role in the training of techmicisns to mest the nation’s energy needs.
Such & program could bs attrective to women contasplating resentry into the
work force and to minority workers desiring upward mebility.

15/ Jean Stenmark ot al.. Family Math, copyright 1986 by the Regsnts of
the Univeraity of California, Berkaley, California.
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C. Industrial Support Of Bnergy Education

The Parwl beliaves that the DOE should encourage cthe energy industries
to strengthen their support of science education at all levels.
frivate-sector suppert of precollage and higher education and continuing
sducation takes many forms in the technical and scientific arsas related to
energy production, distribution and use. A few of the more prevalent support
activities are discussad here.

The snergy industry, both collectively and as individual comspanies, is
involved {n and concerned about acientific and technical education. Most
major companies provide some form of financial aid dirsctly to teschers and
studenta who sre studying or participating in regearch progranss that are
eneIgy-related. Often companies setadlish endowed c*sirs or professorships,
sraduste fellowships and undergraduate scholarships et universities and
collegas. FParhaps even more fraquently, teachsrs in nesrby educstional
institutions srs employed by industries as part-time consultants or to
instruct company persennel, students are given on-the- job training, and
cooparstive work programs ars undertaken. This type of support is estimated
to amount to more than $1 billion annually. The Panel believes that the
energy-related industries have further potentisl for the support of
aducational programs and that the DOE could sffectively sncourage and
croordinate additional contributions.

In recent yoars, equipment manufacturers have been particularly generous
(partislly ae & result of enlightensd tax policy) in donating used squipment
or in offering large discounts on new equipaent to educetionsl imstitutions.
This equipsent ranges from comsputers to test spparatus and instrumentation to
operational models.

Many energy-oriented companies also offar "continuing education” courses
to their smployses, often partially on company time. These courses run the
gamut from project manugement to advanced technology and are generally focused
on {mproving the professional skills and knowledge of key esployees. In some
companiss, such as enginesring-construction fires, these courses provide the
bast means for upgrading and/or retraining personnel.

Two {ndustrial activities that relats dirsctly to ths Panel’s concerns
are summer wmployment of teachsars and students, and sponsorship of teacher
workshops. All companies contscted by this Fanel indicated that they have
consistently employsd promising studants and deserving teachers during the
summer. The Panel fesls that the porential for industrial participation in
proprams involving part-tise precollegs tesching coupled with part-time
industrial ressarch and development should ba explored.

Several recent reports by profsssionsl socistiss have smphasized the
vital importance of industrisl employsent for students and teschers. Not only
doas such sxperiencs help the chossn teachars and students meet their
financial obligations whils contriduting to energy-related work, thass
sxperisnces also broaden their horixons and focus their talenta on the
challenges of the real world. At the same time, collegs and university -. and
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sven high-school -- officials have been smpharic that, without this belp froa
industry, thay sould not be able to keep many of their best faculty mambers
and superior students.

The snergy induatry sponsors tescher workshops throughout the nation.
Oftan this is dons through tachnical societiss such as the American Sociasty
for Machanical Enginesrs and the Americen Nuclear Soclaty, or through trade
organizations such as the United Stetas Council for Energy Avarensss. Such
workshops often contribute to the development of anergy-related coursas and
curricula. The potential for such workshops to hava an even gTreater fmpact
should be exploxed.

Recommendat ions

1. The Department should provide incentivea to its owm scisncific and
technical parsonnel, as well as those at the national laboratoriss and
univarsities, co take the {nicfetive {n devaloping snergy-relevant adult
sducation programs and working with local school groups to develop parent
outreach programs in science education.

2. The Panel recommends that the DOE strengthen continuing eduration prograas
for both profassionals and technicians ar DOE national laboratoriss and
enlarge those prograns to persit participation by local industry on a full
Cost-recovery basis.

3. The DOE should support apacial programs that allow vomen and
underrepresented minoritiss to ratrain or participate in internships in energy
ressarch, particularly in aress of greatast nesd to the DOE.

4. The DOE ahould encourage privats companies involved in energy-releted
businasses 1) to conduct in-house aducstional programs; 2) to donate equipsment
to sducational inatitutions; 3) to help local high schools, collages and
univarsitias develop energy-relatsd courses and custicula; 4) sponsar and/or
participats in pra- and in-service teachar education prograus; and 5) to
Provide part-iise esployment ta teachers dividing theix time betwsen
precollege teaching end R&D work.
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SINSARY OF AECURSENDATIONS
Coveral
The Depsrtsent of Energy should

1. Highlight the concerns of DOE regarding science education and
potential constructive actions taken by the DOE in science
sducation in all sppropriate public information prassntations.

2. Establish a visidbla, stable commitment to scisnca and enginsering
education that funds a spectnum of activities from elementary
school through postdoctoral levels.

3. Allecate funds to ensurs that acarce resourcss are appropriately
distributed 1) to esphasize DOE’s primary educational mission in
support of graduate students and postdoctoral fallows, and 2) to
augeent the support of precollege programs that snhance the quality
and enlarge the pool of potantial scisnce and engineering students.

%. Establish policies that sncourage DOE laboratory staff to participate
in sducationsl sctivitics at the national laboratories and in
outreach activiries that support local and regional initiatives to
fsprove science education, particularly at the pracollege lsvel,

Graduate and Postdoctorsl

1. The Janel recossends that the DOE continus to emphasize its sducational
mission primarily in support of graduate students and postdoctoral fellows
through university grants and contracts which also serve the research mission
of the Departaent. Ths recommended level of support should be incrsasad in
thoss disciplines of spsclal importancs to the DOR’s fundamental science and
anergy mission.

2. The Panel racommends that stable and predictable funding leveis be
provided for university-bassd ressarch projscts involving students by making
sulti-year commitsents.

3. The Panel racommends that tsrgeted graduate and postdoctoral resesrch
fellowship programs be increased by the DOE in areas of sclence and
enginesring of particular importance to energy programs, with particular
esphasis given to ersas that have lisited university rasearch fimding.
Special targeted prograss for wosen and underrsprassnted sinorities should be
sstablished.

4. 1In the fulfilleent of its mission to support advanced sducation and

research, the Panel recommends that the Department continue to focus on
quality in its efforcs to develop human resousrcas,.
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Undergraduate

1. The Panel recommends that the DOE incresase support of undergr:duate
students 4o the Lab-Coop and SERS Programs. Priority should de gven o wowen
md underrepressnted minority studsnts and ro studsnts from institu ions
having littls or no in-housse ressarch activities.

2. The Pansl racomsends that the DOE ancourags principal investigators to
actively recruit undergraduates es participants in ongeing, DOE-sponsorsd
umniversity-dassd research prograss.

3. Tha Panel recommenda that tha DOE support the developsent of vigorous
programs axplicitly to sttract and retain s larger fraction of undsr-
represénted ainoriries and women (including those re-sntering the field)
undargraduatss in science and snginssring, particulsrly in sreas of STeatest
nesd to the DOE.

&. The DOE should msintain at lsast the currant level of support in the
Faculty Resasrch Participation Progras for faculty from undargraduate
institutions, particularly faculty froms small, non-research institutions who
might not othexwizs have sn opportunity to participats in advanced research.

Precollsge

1. Ths Panel recommends that the Departs .« establish an infrastructurs, =
communication notwork, and a five-ysaxr plan to provida stable support for
pracollsge education programs.

2. The Pansl recommends that tha Department strongly sndorse and

participate in sfforts by the National Science Foundation end the Department
of Education to establish graduate fellowship programs for a Mastsrs degrae in
science education for aclonce/angineering/technology baccalsursste graduates,
The Pamal furthar recommends that DOE provide opportunities for future science
teachers co participate in laborstory ressarch programs.

3. The Pansl recomsends that DOE initists s program for allowing in-ssivice
science teachers to divide their tise betwesn classroos teaching and
participarion in DOE (or industrial ressarch) during the calsndar year.

4. Tha Panel racommends that the Departsent develop formal partnerships, and
strangthen existing partnerships, betwsen DOR laboratoriss, tsachers, and
state and community oxganizations dedicatad to snhancing student involvament
in sciencs, mathematics, and angineering.

5. The Panal recommsends that DOR target atudents who demonatrats high
achisvemant, commitment, or potsntial in science, 7 3 involve thess astudents
in formal and informal programs that allov pexsonal sncountsrs batwasn tham
and working acientists.

6. The Panel recommends that DOX base its precollage programs on the
following guidelinas which snsure that programs raach the largsst nusber of
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students and are moat affective in retaining thea in science and mathsmatics
sducation. Thess guidslines should be either followed or modified, depending
on sach DOE ladoratory's unique strengths and on the succesaful sducation
programs that are currently in place.

- Concantrate on devaloping progracs for teachers. Esphasize programs
that 1) help teachars enhance thair science skills and undorstanding:
2) provide teachers and atudants with hands-on science activities: and
3) sncourags understanding of the relationshipa between science,
technology and society.

< Asssss masds invelving both educators snd sclentists in the process.
- Evaluate the effectivaness of ongoing prograas.

> Targst the grade lavels that individusl lsborstories can reach
eoffectively. Sowe prograss should give apecisl considerstion to young
students and their teachors at the slementary and middle school levels.

~ Develop and support vigorous programs to stisulats and nurture the
interest of young woamen and undsrrspressnted minorities to participate
more fully in the DOE education prograns in sclience and enginsering.

+ Collaborate with educators and ressarchers to develop instructional
aaterials for taking edvantage of state-of-the-art sudio-visual aids,
computer technologies and othsr slectronic delivesy systems, and
strstegies for exploring relstionships betwesn sclence, technology and
soclety. Efforts in this area should focus on devaloping materials
that can be integratad into or used as s supplement to existing sclence
curriculs.

Public Awsrensas and Contimnuing Bducation

1. The Dspartment should provide incentives to its own sclentific and
technicsl personnel, as wel. as thoss at the national laborstories and
wniversicies, to take the initiative in developing energy-relevant adult
education programzs and working with local school groups to davelop parent
outraach prograss in science aducation.

2. Tha Pansl recommends that the DOE strangthen continuing educatien prograns
for both professionsls and technicians at DOE national laboratories and
enlarge those programs to permit participation by local industry on a full
cost-rscovery basis.

3. The DOE should support special programs that sllow women and
undsrreprasented minorities to retrain or participate in internships in snergy
ressarch, particularly in sreas of groatest nesd to the DOE.

4, The DOE should encourage private cospanies involved in snergy-related

businesses 1) to conduct in-houss sducstionsl programs; 2) to donata aguipaent
to aducatiomal institutions; 3) to help locsl high schools, colleges and
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universities develop enexgy-relatsd courass and curricula; 4) sponsor andfor
participate in pre- and in-service tsacher sducation; and 5) to provide
part-time saployment to teschers dividing thair time betwaen pracollege
teaching and RiD work.

45

on
oo




APPENDIX A

SECRETARY’S CHARGE LETTER




78

The Secreiary of Energy
Washingion, DC 2588

February 19, 1987

Nr. John M, Schoettler
11855 East Daley Circle
Parker, CO 80134

Dear Nr. Schoettler:

The President, in acdressing the future of the country in
his State of the Union Address, noted the importent role science
and technology will play in enhancing the future competitiveness
of the United States. and the resulting need for excellence in
education in preparing for the future. Clearly, there is & need
to strengthen the Nation's science-sducation System if we are to
continue our pre-eminencs and lesdership in science.

The Department 1s doing much with the education Community.
In aadition to direct Support to the university community through
research grants and contracts, DOf also makes available such
major user-facilitiss as the National Synchrotron Light Source
and supports 8 number of laborstories, Such as the fermi National
Accelerstor Laboratory and the Stanford Linear Accelerator
Center, which wers established essentially to be availadle to the
university community, In addition, in 1985 DOf started 3 new
program of bringing the very best high-school science students
for participstion in summer ressarch at the world-class research
facilities located st DOE laboratories. It is estimated that the
total value of DDE support to Mniversity research and education
excepds one dillion dollars per yeer.

Yet, with the incressing tmportance of education snd science
to the future of the Natjon, 1 want to ensure that the Department
is doing all that it should to develop fully the Natjon's
sciantific talent at the pre-college, university and post-
graduate levels in order to meet the Nation's future scientific
and technological needs.

Therefore, | would }ike the Board to underteke a Study that
would review the Department’s activities with the education
coomunity to ensure that DOE s indesd playing its proper role
vis-8-vis other federal agencies and the private sector in the
support of scientific and technical sducation and training. In
particular, the Board should dddress the following key questions:

o Do the current education and training programs of DOE

address the right needs and are they effectivaly
coordinated?

&4
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Is DOE taking ful) advantage of the resources and
capsbtlfties of the national Jaboratories in the support
of sducation and tratning?

What responsidilities and mechanisms are appropriste for
the Department in the support of slementary and secondary
scisnce- sducatton, of undergraduate and graduate
students, of post-doctoral researchers, and of the
general (non-science) public?

Should the Department provide support for undergraduate
and graduste research fellowships in energy manpower
arsps designated 1n short supply?

would appreciate the report by February 1988.

Yours truly,

3. on

Jokn S, Merrington
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Elujuln-nnﬂ::iﬂulylonﬁ
Uﬁ-dSHslsznnnuad'

1000 Avenpe, S.W.
i’%ﬂcm
386-3484

Avgust 18, 1987

Dear :

I am writing to seek your personal views and suggestions on the
role and responsibiifitfes of the U.S. Department of Energy in
support of the natfonal effort to strengthen the nation's science
and technical education system.

8y way of background, the Secretary of Energy has asked the
Energy Research Advisory Board to undertake a study that would
review the esducatien activities of DOE, particularly to ensure
that DOE s {indeed playing 1ts proper role vis-a-vis other
Federal agencies and the private sector in the support of
scientific and technical education and training. The Secretary's
Tetter to ERAB, along with a Yist of the memders of the ERAB
panel estabiished to carry out this study, are enclosed for your
information. Also enclosed 15 a recent report which Includes a
suamary of current DOE support for scientific and technical
education at the precellege and unfversity Jevels.

As you can see from the Secretary’'s charge letter, the scope of
our study will cover the precollege, university and postgraduate
Tevels with sfgnificant attentfon to the potentially unique
contributions which can De made In scientific and technica)
education by tha Department’'s natfonal laboratories and msajor
contractor research facilities. The panel would sincerely
spprecfate your personal views and saggestions on any or all of
t%e issues listed in the Secretary’s letter. It wouli bde
gurticu\ar!y helpful 4f we could receive your views by Septemder
D, 1987, so that we can prepare a synthesis of the various
comments and recommendations in time for the next meeting of the
pans}! scheduled for Octoder 9, 1987.
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Thank you very much for your assistance opn this vitally fmportant
effort for the Department of Energy.

MJJ.?LM"‘”
Niidred Dresselhaus

Chairman, Education Panel &

Institute pProfessor of

flectrica) Engineering & Physics
Massachusetts Institute of Technology

Enclosures: List of Panel Merders
Secretary's Charge Letter
University Research & Scientific Education
Programs of the Depertment of Energy

Please address replies as f0llows:

Mildred Dresselhavs

Chatrman, Education Pane?
Energy Research Advisory Board
ER-6, IF-043

U.5. Department of Energy
Washington, DC 2058S




950

RESPONDENTS TO LETTERS OF INQUIRY

fernando E. Agrait

President

University of Puerto Rico
GPO Box 4984-G

San Juan, Pusrte Rice 00936

George S. Anasll
President

Colorade School of Nines
Golden, CO 80401

Robert Barker

Provost

Cornall University
300 Day Hall

P.O. Box D.H.

Ithaca. NY 148%3-2801

Alphonse Bureino

Dean, College of Education
University of Georgle

G-3 Aderhold Hall

Athens, GA 30602

Robere L. Clodius

President

National Associstion of State Universities and lamd-Crant Colleges
One Dupont Circle NW

Suite 710

Washington, DC 20036-1191

Kermit L. Carlid

Professor and Chair

Collage of Epgintering, Departwment of Nuclear Enginesring
University of Washington

Sesattle, WA 98195

Bernard R, Gifford

Dean, School Education
University of California Berkeley
Berkelsy, CA 94720

Solomon ¥W. Gelomb

Vice-Provest For Resesrch
University of Southern California
University Park

Los Angelas, CA 90089-4019

lzl{j}:‘ 1_i,t5
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Rodert E. Gordon, Ph.D.
Vice-Prosident For Advanced Studies
tniversity of Notre Dase

Notre Dasme, IN 46558

Patricia Albjerg Grahas

Doan, Greduate School of Education
Harvard University

Longfellov Hall

Aplan Vay

Csabridge, MA 02136

Robert A. Gross

Dean, School of Engineering and Applied Science
Columbia University in City of New York

New York, NY 10027

James A. Hefner
President

Jackson State University
Jackson, NS 139217

David Isig

Executive Director

Asericsn Association of Colleges for Teacher Education
One Dupont Circle

Suite 810

Washington, D¢ 20036-1192

Marvin E. Kauffman

Exscutive Director

American Geological Institute
4220 King Street

Alexandria, VA 22302-99%D

Kemneth L. Klirwer

Dean, Hchool of Science
Purdue University
Math/Scisnce Buflding
West Lafayerre, IN 47907

Howard Mehlinger

Dean, School of Education
Indians University

W.¥W. Wright Education Building
Ird and Jordan

Bloomington, IN 47405

Sean P. NcGlynn
Vice-Chancellor For Research
Louisfana Stats University
Baton Rouge, IA 70B03-.2755

Q 1 ‘.’, 1
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Allan ¥. Ostar

President

American Associstion of State College amd Universities
One Dupont Circle

Suite 700

Washington, DC 20036-1192

Dale Parnell

President

Aserican Association of Comsunity and Junior College
One Dupont Circle NW

Suite 410

Washington, DC 20036

Paul G. Pearson
President

Miaml Universicy
Roudebush Hall
oxford, OH 45056

James L. Pyle

Director, Dffice of Resrarch
Ball State Universticy
Muncie, IN 47306

Gilbere Sanchez., Fh.D.
President

New Mexico Nighlands University
las Vegas, NM 87701

J. Kenneth Shultis
Professor

Kansas Stare University
¥ard Hall

Manhattan, X5 66506

John §. Toll

President

University of Maryland
Baltimores, MD 21201

George Wheeler

Provost

tniversity of Tennesser
505 Andy Holt Tower
Knoxville, TN 37996-015%6

Kenneth D. Whitehead

Deputy Assistant Secretary for Higher Education Programs
US Department of Educarion

El{fC 1 { J
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Laure) L. Wilkening

Un{versity of Arizona

Tucson, AZ 85721

Louise Cherry Wilkinson

Dean, Graduate Schonl of Education
Rutgers State Untversity of New Jersey
New Brunswick, NI 08903

F. Karl Villenbrock

Executive Directer

American Society for Engineering Education
11 Dupont Circle

Suite 200

Washingten, DC 20036

Jack M. Wilson

Azerfcan Association of Physics Teachers

Executive Officer, Department of Physics and Astronomy
University of Maryland

College Park, MD 20742
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130
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Education Panel

Energy Ressarch Advirory Board

Agonda
August &, 1987

Noliday Inn, Maple Room
Palo Alto. California

Convane

Introduction -f Menbers and Staff
Opening remarks
Panel Overview and Chartor

Overview of Current DOE Science
Education Programs

NASA Ames Research Center
Education Program

Sclence Education Programs at the
Lawrence Hall of Science/lLawrsnce
Berksley Laborstory

Science Fducatfon Programs st the
Lawrance Livermere National
Laberatory

Break for Dinner (The Cresnery)

Piscussion
o review of issues
o future meeting dates
o future speakers

o staff studies or surveys raguested

Adjourn

Mildred Dresselhaus
Chalr

Antiorette Joseph
Dirvector
0ffice of Fleld
Operations Mgt.

Richard Reeves
Associate Director

Marjorie Cardner
Director
Lawrance Hall
of Scleuce

Roland Otto
Associate Dirertor

Pat Heth

Manager
External Relations

Panel Nembers

17y
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10:00
10:1%

11:1%

12:1%

4:00

ERIC

Aruitoxt provided by Eic:

96

Edscation Panel

Energs Resrarch Advisory Board

Aganda
October 9, 1987

Forrestsl Building

Reon, 4A-110

Convene
Aduinistrative Itens

Survey of Ragpoi.ses to
Lerters of Inquiry

Science Education Programs
ar the Nationsl Science Foundations

Breoak

DOE

University Consortia

Perspectives on Energy related
Scientific and Technical
Manpower Development

Current Trends {n Students
in Scienze and Englineering

Lunch

Science Education Programs at
Argomne Narional Laboxatory

Discussion

Adjourn

104

Miidred Dresselhaus
Chair

Richard Stephens
Director %f Industry
and Universities
Programs
U.S. Departpent of
Ene gy

Bassan £, Shakashiri
Ass{srant Dirscror
for Science
Engineering Education

W{iliam Felling
Executive Diector
Oak Ridge Asiociated
Universitie.

Betty Ver(er
Executive Director
Compission on
Profassionals in
Science and
Technology

Robert Springer
Director
Educational Prograns
Division

Panel Members
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Education Panel
Energy Research Advisory Board

Agenda
Docember 16 and 17, 1987

Battelle Washingron Office
2030 M Street, N.W.

Suite 800

¥odneadsy. Docombex 16

8:30

9:00

10:00

12:00

12:30

1:30

2:30

5:00

Convene

Coffee and Panelists’ Discussion
of Mseting Plans

DPepartment of Education

Council of State Science Supervisors
Natlonal Institutes of Health

LUNCH

Departmont of Defense

Department of Energy’s
Follow-up of 1983 Bennett Study

Discussion

Adjourn

1

Y

{)

Mildred Dresselhau-
Chailrs

Lawrsnce Grayson
Deputy Dirscror
Postsecondary Relations
Office of the Assistant
Secretary for Post-
Secondary Education

David Kennedy
President

william Pitlick
Research Training
Officer

Ted Berlincourt
Director
Research and Laboratoery
Nanagenent

Richard Stephens

Panel Members



Thutaday, Decesbox 17
8:30 Coffes
9:00 Ninorfity Students in Pracollege

10:00

12:00
12:30

5:00
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Mathematic and Science
Science Service, Inc.
Brookhaven National lLaboratory

LUNCH
Discussion

Adjourn

110

Cora Narrett
Departaent of Sociology
University of Wisconsin

E. G. Sherburne
Diresctor

Nicholas Samios
Dirsctor

Panel Members
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Education Pansl
Energy Ressarch Advisory Board
Agenda

January 12 and 13, 1988
Battelle Vashington Office
2030 M Street, N.W.
Suite 800

Jaguary 12. 1988

8:30 Working Meeting Nildred Dresselhaus

Richard Stephens

irene Hays

ERIC 144

Aruitoxt provided by Eic:



100

Esucation Panel
Energy Research Advisory Beard
Agenda

January 27, 1988
Battelle Washington Office
2030 M. Strest, N.W.

Suitse 80O
Jlanuacy 27. 1948
B:30 Convense . Mildree Dresselhaus
Introductory Remarks Chair
Discussion of Draft Report Panel

O
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DOE’S CURRENT SCIENCE AND ENGINEERING
EDUCATION PROGRAMS
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APPENDIX E

DOE’S PRECOLLEGE EDUCATION
PROGRANS
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Appendix €
Survey
DOE Pre-University Education Programs
November 1987
Responses
Facility Contact
X - Allied Corporation. . . . . . . . ... ... » - . . . Kathy Bien
Bendix Kansas City Division
X - Argonne National taboratory . . . . . . .. .. .. . . Juanita Thomas
X - Associated Western Universities . . . . . . .. .. . . Melanie Russell
X - Bates Linear Accelerator Factlity . . . . . . . . . .. William Lober
X ~ Brookhaven National Laboratory. . . . . .. .. . . . . Donald J. Metz
X - Center for Energy and Environment . . . . . . . . . .. Carlos Maysonat
Research
X - Environmental Measurements Laboratory . . . .. . . . . G, de Plangue
X - Fermi National Accelerator Laboratory . . . . . . . .. Narjorie G. Bardeen
X - Lawrence Berkeley Laboratory. . . . . . . . ... . . . Lucy Day
X - Los Alamos National Laboratory. . . . . . . .. . . . . Judith Kaye
X - Mound Facility, Monsanto Research . . . . . .. .. .. Howard Charbeneau
Corporation
X - NORCUS. . . . . e e e e e e e s+ s+ s+ . Brian Valett
X ~ 0ak Ridge Associated Universities . . . .. .. .. .. Yvonne Sanders
X - Dak Ridge Nationmal laboratory . . . . .. .. .. .. Linda Cain
X - Pacific Northwest Laboratory. . . . . . .. .. .. .. Irene D. Hays
X - Paducah Gaseous Diffusion Plant . . . . . . .. .. . . Debbie Wattier
X - Pantex Plant, Silas Mason {o , Inc. . . . . . . . .« . G.1. Curtis
X - Princeton Plasma Physics Laboratory ......... . Harold Furth
X - Sandia National Laboratory. . . . ... .. .. « « .« . Ralph Bonner
X - Savannah River Laboratory . . e e e e e . - Janell Gregory
X - Solar Ener?y Research Institute . . . . .. .. ... . Joan A. Miller
X - Stanford Linear Accelerator Center. . . . . . . . . . . Helen Quinn
N-Avnes laboratory . . . . ... .. ......... . . Daniel William
N - Inhalation Toxicology Research Institute. . .. .. .. Roger Mcliellan
N - MSU-DOE Plant Research Laboratory . . . .. .. . . .. Karen Kline
N - Notre Dame Radiation Laboratory . , . . .. .. « « . «» John Bentley
N - U.5. Department of Energy. Norgantown s . 1+ e o« « « Wennona Srowrn
€ - Coal Fired Flow Facility. . . . . .. .. e e e s . Charies Lee
C - Hanford Engfneerin? Developmen e+ v e s o0« . Dorothy Hansem
E - Idaho National Eng neerinq Laboratory f e e e e e e William Toth

Lawrence Livermore Laboratory . . . . . . . .. . . . . Ron Teunis

X = Response; C » Contact, no response; N

Mo programs
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Cusriculum Deve? ypment

In-House Toum, Lectures
Outreach

Ressarch Participation
Special Events

Workshops and Insttules

1 1 1 4 ]
o 10 20 30 40 50 1Y 70
Number of thmes reported as 1a:get audience

R880S 011 001

Figure 2. Targeted audiences, whether students or teachevs, were nofed £ components in 195

programs repoited from 24 facilties. Any one program componant may tarpet both students
and teachars.
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Goals of Precollege Programs
Taachers

T1 Enhance Content Knowlscige
T2 tmprove instructional Stratogies
T3 increase Carser Awaraness

T4 Undsrstand £ cisnce-Technology-
Society Retationships

T5 Enhance instructiona! Matesials
T8 Provide Resources and Equipment
T7 Rewand Excetont Teaching
Studenis

§1 Enhanoe interest in Science Carvers RN
S2 Enhance Scientiiic Lisracy

A
0 20 40 S0 80 100 120 140 180
Number of Programs

R8308 011 003

Figure 1. The goats of 195 pracoliege programs at 21 DOE faciliss wore reported. Any oNe prograr: msy
full more than one goal.
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APPENDIX F

STATUS OF RECOMMENDATIONS FROM PREVIOUS OVERSIGHT
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ENERCY RESRARCH ADVISOSY BOARD
ASSESSMENT OF DOR.UNIVERSITY RELATIONSHIPS (AUGUST 1983)
STATUS OF RECOPMMERDATIONS

NAJOR 1SSTRS/RECONNENDATIONS
1 DOE Policiss Regarding Unlversity Support

A. DOE should davelep agency-wide R&D plannipg processes.

8. Expand existing system of advisory panels.

€. Concentrete Support for Historically Black Collegs: and
Universities (MBCUs} in a fev competitively selected
inatitutions.

D.  DOE should issus agency-wids policy statement dsfining tole
of universitiss in DOE programs.

DOR ACTION TO DATK

Apancy-wide RSD planning procsss has besn under
reviev for thrre yesrs. Proposed Agency R&D
Coordination Counc{]l would provide guidance o
prograss in preparing long range RAD planas.
Opporruniriss would be providad for external
ravievs of plana.

Severs]l new DOE program sdvisory committass have
besn added sincs 1983 (ncluding Basic Energy
Scisncss snd Health and Environsental Panels.
University scientists ars {ncludsd on

sll axisting advisory panels. New policy
directive on proposal revisw Procsdurss/standards
undes developoent.

DOE support for NBCUs has incressed svery yesr
sinca 1983, Institutions with scisnce/enginesring
capabilities have Desn particulsrly succassful,
Nine formal collaberative programs exist detwesn
HBCUs and DOE 1gbds.

Policy statspent om DOE-university raslations
issued by Sacretsry Hodel in Auguat. 1984, and
resffirmsd Dy Secrstary Harrington in January,
1986, Statesent includes guidancs on support for
studancs, joint university-ladb programs, stadiliry
in university funding, etc. ER has agsncy-wide
sonfroring function.

127
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MAJOR ISSUSS/REXIMENDATIONS

i1,

in

DOE Nsnagsment and Procuremsnt Peliciss snd Procadurss

A. DOX should revisw tha appropriatsness of the univeraity
proposal ravisv proceduras uwsed dy ssch DOE offics.

B. DOR should srromgly reaffirs importance of unselicited
rassasch proposals.

€. Univarsitiss should normally desl with only one DOE fisld
office for sll DOR contracts/grants.

D. Granta and sulti-yesr resssarch swards should be used to
suppore university rassarch.

£. Pariodic mesatings should Do held between university
administracors and DOE procurament staff to reselve
prodless.

Relz ' onships Retwssn DOE Laborstoriss and Universities
A.  uaboratory ressarch proposals should bs subjected to the

sams standards of pesr reviaw as univarsity rassasrch
propossis.

DOX ACTION TO DATR

Propesal revisw procedurss wers evaluated in 1984
and procedures used by ssch progras were
summarized in the DON Program Guids.

Unsolicited research proposels resain the
principal mschanisa used by DOE ro support
university ressasch.

This sscommendation was sxtsnsively studiad and a
dectsion made to ratain the surrant ragiensl focus
for university smards. Chicagoe normsally handles
about two-thirda of all DOE ressarch awards and
continusd sfforts ars being mads to snsure
conaistancy in sxscution/monitoring uf usniversity
swards by the various fiald offices.

Extensive use of resestch grants to support
university research begsn in 198%. Ressarch
grants are multi-year.

Reguler mestings wexs bhald batween DOE and
university ateff beginning in 1985 with many
issuas rssplved. MNsstings srs now held as
necasssry.

ER conducted an in-depth ravisw of procsdurss
used by both the ladbs and DOE program staff to
revisw new rassarch proposals froe labs.

Bxeansive use of scientific advieory committess by
the labs was notsd. DOE has issued reguler
guidancs to the labs on eritsria for considaring
nev resssrch work. Annual on-sits institutional
ravievs of sach ladb includes svaluation of
proposed nav resesrch.

(44
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NAJOR ISSURS/RECDEEINDATIONS DOS ACTION TO DATR

8. Llaboratortes should hava greater discretion in s allocation Contiruing xeviews are séde of DUE policies/pro-
of resources and in sslection of performers cedures for ravieving laboratory work imeluding
provistons for subcontracting. In genersl, the
l1sbs have significant flsxidilicy (n daciding how
to sliocate resvurces and/er to involve
subcontractors including wniversicias.

C. DOE ~hould encoursge laborstoriss to devalop collaborative Secreatary’s policy atstement includes guidance to
research prograss with universitiss and industry. labs on joint resesrch programs with unfversities
and industry. A msber of collaborative prograss
have besan developad with universities; fewer with
industry although recsnt sasphasis on stimulsting
laboratery technology transfsr say change this

D Significantly sxpanded support should be provided for Since the ERAB report was yslsssed in 1983, DOE
laborstory-basad fsculty and student resesrch/educstion support for laborsrory education programs has
appointaents. increased from §5.58 to $12.3M. New precollags

scisnca programs have besn instituted and five of
the ER multiprogras labs havs bessn clessifisd s
Sclence Educstion Centers providing support for s
range of feculty and student programs including

scadenic semestier sppointments for underiraduate
studants and feculty/student team rasesrch during

the sumver.
E. Anmual lshoratory {nstitutional raviews should includs The annual institutional plan and on.sits raviews
svsluation of sach laberstory's ralationshipe with the for ssch lsborstory includes discusaion and
university communicy svsiuation of labarstory-university intersctions

ncluding joint resesrch programs, support for
swader and acedsnic yesr appointments for faculty
and studants, etc.

1V University Tarticipation in EnsrRy Techuology R&D

A. Each DOE technology progras office should suppart Tha ERAB Pansl was concarned about the zelativs

univarsity rasesasch ralated to progracmetic nesds. igbelance in univarsity fupding from DOE with
over 80X of total univeraity funding provided by
the 0ffice of Energy Ressarch. Univerafty fumding
from ths snergy tachnolofy pPrograms has not growm
sppracisbly sinca the ERAB raport principally due
to budget limitetions. Tha Office of Fossil snd
Nuclesr Energy have attampted to Incraass support
for university rssearch but st relarivaly low
lovels.
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KAJOR |SSUES/RECMEDIDATIONS DOE ACTION TO DATR

2. The IR Enginesring Ressarch Progras should be significantly Incrsassd funding has haen providad to this
increassd in siss and acope. program sincs 1984 including suppore for an
innovative joint laboratory-univarsity rassarch
program in fundamental snginesring raassrch.
ipvolving NIT aod the Idaho Hstional Enginesring

Laborstory
C. Incraased support should de provided for competitivs Support is provided for 75.88 graduate rssesarch
praduats fallowships in sngineering disciplines fallowships par ysar in muclssr snginesring and
specifically including nuclear sngineering. fusion techooloBy. The FY B8 Sansta/Rouss

Appropristion Bill for DOE slsf tncludes $1OR to
initiats s nev rassarch and graduate sducation
program in muclear sngineering including st lassr
30 graduste fsllowships par yssr. DOE technology
prograss have the suthority to support graduats
follovahips 4in their raspective sission srsss

V. DOE ROLE IN THE DEVELOFMENT OF NEW PROFESSIONAL NANPOVER

1481

A. DOL should sxplicitly racognizs 1ts obligstien fo play s The ERAM Pansl strongly supportsd an sxpanded role

significant supporting role in the oversl] national sffort for DOE in scieniific P dsvsloy

in tachnology sducation. including fallowships, poatdoctorsl resssrchess
and pracollsgs programs. The Sacretary’'s
university policy statament sxplizitly citas the
impartancs of POE suppors for students. Funding
fer precollese snd collage level student progrems
st the DOE labs has awbatankially incressed aince
1983  Policy leval andorsement for an incrassed
DOE role in sarpowsr development and sducstion has

1 t) ) basn provided by both OSTP and OMB.

£ -
* A DOE should initistive sn sgency-wide graduatrs and Conaidsrstion was givan to rainstituting an 1 '3 ’3
postdoctoral fellowship program, agency-wvide gradusts ressarch fallowship program Al
but the decision vas made to support such
fallowships through individual DOE program officss
whexs thefs was s clssrly Sdentified manpower
nesd, Postdoctorsl appointeents are provided
througd the individual labs sxcapt fnr tha
sgency-wids Rollander Postdoctcral Fallowships in
Environmental Scisncs.
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RARR ISSUESR/RECCMEEDATIONY POX ACTION TO DATX

€. Inorsssed emphasis should be pisacad on attracting DOR supported ed fion and manp develof
BoTa women & minority studsnts into e national Programs include specific ssphases on attracting/
SAT menpowes pool. upporring women and sinority studants. One
Progras, the ER Prafreshmen Sngineering Progras
(PREP), focusss on Junior high acheol
“omet/minerity studsnts. QOcher prograns tend to
¢ODCAntTate On studsnts "alrsady in the pipeline.”

¥1. COMMUSICATIONS BETVEEN DOX AND THE UNIVERSITY CORRINITY

A. DOE should sstadlish g giuilar university forum to the A proposel was msde to and sccapred by Sscratary
successful "DOD-University Forus™ to sdvise on DOE- Hodel to st up a *DOD-University Forum.*
wiversicy raiationships and concarns. However, subssquant concerns over the nusber of

DOE advisory committess led to a deciaion not to
procesd with the Fomm. Univeraity scisntiscs are
actively iovolved {n 1) current DOE scientific
afdvisory committess including ERAR. The nesd for
an sdditional advisory committes focused on
univaraity concerns (s pericdically paviewsd by
ER.

B. DOL should improve the disssmination of information to A cesprehensive DO Quide T0 Prograns wes
universitiss sbout DOX ressarch nestds, Programs, interssts published {n 1984 and wiil De refssued in 1987
and facf{liries. with subasquent pudlfcstion on biennfal basis.

An on-line computerised data basse on DOE Prograns
is also undar development as a companion to the
Suide Lo Pragrams.
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Ms. Lroyp. Thank you very much, Toni. I do want to congratu-
late the Department of Energy and certaier;g express my apprecia-
tion to Secretary Watkins, because he indeed is putting greater em-
gvhasis on our educational programs. As a note of interest, Admiral

atkins was a student at Oak Ridge and he says at this time that
he really just decided he wanted to stay in engineering, that he
wanted to pursue his studies in nuclear engineering because he
was really motivated while at Oak Ridge to go on and pursue
greater excellence in his education. And that certainly speaks well
for what we do at Oak Ridge.

But I think at the same time that we do need %o put science edu-
cation on a higher priority with greater visibility and I would like
to get your comments on science being perceived as a basic skill.
Are we doing enough to elevate science to its proper role as we ap-
proach the 21st century?

Ms. JosgrH. | serve for the Department on a Task Force on
Women, Minorities and the Handicapped, and I think that experi-
ence and the hearings across the country, as well as the inter-gov-
ernmental meetings that have occurred since then. show that there
really is a focus on just that area.

There is an effort also on the Administration looking at technolo-
gy transfer and looking at what initiatives might be taken in tech-
nology transfer. And one of the subgroups of that effort is a human
resources subgroup that will look at that component in science edu-
cation, training of students and improvement of the science educa-
tion system to provide a better science and engineering foundation
for students that will become the work force of the year 2000,

So I think there is, in .he last two years at least, some signifi-
cantly increased effort in just that asea.

Ms. Lroyp. I think we need to say at the very beginning, we are
not here to put down our educational systems or our teachers, our
educators, in any way. We want to see what we can do to help the
educational system, the role of the National Laboratory, the role of
the private sector, the role of the Federal Government in not enly
improving the quantity, but the quality of science education, that
we are here to belp and certainly not to put down.

I am concerned about the number of students that are getting
into the program. Are we attracting the top third, the top half—
where are we really focusing in on the young people?

Ms. JoserH. In the DOE programs, there is an emphasis on the
top 25 percent of the students in each of tne program areas. This is
true for the high school honors pro%ram, that is even a smaller seg-
ment, probably the top 10 percent. In the lab co-op and in the other
undergraduate and graduate programs, we are talking about stu-
dents who have grades that are in the top 25 percent. In addition,
we have several tarieted programs which are aimed, just as you
say, not to replace the science education system, but to support it
through enrichment p ams. The prefreshman engineering pro-
gram is an example of that for minorities and women in seventh
through tenth grades, and that focuses on students with relatively
high grades, but more importantly with an interest in aptitude and
science, and the enrichment part of it is focused primarily on im-
proving their math skills.
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We also have a number of outreach activities which you will
hear about in great detail, and these activities focus, across the
board at all levels of student interest in the sort of turning on part
of science, the magic of science in the early years, but also aimed
at families and parents and the general public in creating a more
supportive environment for students to interested in, to fear
less, science and math and to see the enjoyment and the excite-
ment of science and math.

So the Department, actuallm its laboratories, covers the

ut but, in fact, does emphasi e top 25 percent of the stu-
ents coming out in its major support p . .

. Ms. Luoyp. I have one final comment and then I am going to give
the microphone to Congressman Schiff, but this troubles me be-
cause I think it is important that we not only define who our scien-
tists and engineers will be, they are not all going to come from the
top 20 percent. I think we need some programs for the average stu-
dents and I think we do need to put greater emphasis on the pro-
grams for minorities, for women, because there are a lot of young

ple that need to be motivated, that really need to be turned on
23 science and I do not think they are necessarily always in the top
nt.

I think as we look at our mission, redefine our mission, that
maybe we ought to broaden the base of our support of programs for
those that may not be in that top 20 percent.

Thank you. Congressman Schiff.

Mr. Scusirr. Thank you. Ms. Joseph, thank you very much for
coming today.

There is just one area I would like to ask about. I enter into the
Science, Space and Technology Committee with a notion that of the
groups you have even named, I think the group that is most left
out is women, and I base that on the idea of stereotypical effect. In
other words, men are pilots, women are stewardesses; men are doc-
tors, women are nurses and all that. I am a lawyer by training and
{Bmfession and I can tell you that the University of New Mexico

w School, when I graduated in 1972, was three percent women,
today it is 52 percent women. The University of New Mexico Medi-
cal ool is ::mlmbzfvl up to about 20 percent women now.

I just wonder in the area of science and technology, and I know
that is a rather broad question, but are we turning around there? 1
mean, are young women students convinced that they can also be

hysicists, mathematicians and chemists or are there still mind
locks here to that?

Ms. JosepH. I recommend one report that has recently come out,
it is called Everybody Counts and it is from the National Research
Council, with the emphasis on the importance of mathematics in
science education. And one of the areas that ] think they do an ex-
cellent job on is on looking at the problems that women face very
early in their education of stereotypical attitudes toward women in
mathematics.

I think the programs—and we helped fund the project Everybody
Counts—the p: that they recommend, including things like
family math real family orientation, to take away these stereo-

are things that are needed. They have a kit that goes out to
the PTAs in the schools to help start removing some of those
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stereo .1 think those kinds of things will take a long time, but
I think justasmedicineandlawhavechangedinbermsofthe
participants, so have there been increases in the pipeline for
women particularly and for minorities in the last dmtj.. in science
and engineering. Women, of course, are going to soon make up the
majority of students in higher education if the demographic data
continues the way it looks, and a significantly higher portion of
women did enter the science and engmeenng pipeline over the last
15 . I think it might have gone from 15 to 30 percent. But all
of those trends, I am sorry to say, have leveled off, and, in the case
of minorities, have to dip down.

And if you look at that as the resource for 90 percent of the new
entrants into the work force being women, minorities and immi-
grants, it is clear that much more needs to be done to continue to
attract them into the pipeline and to keep them in the pipeline.
And guess is that programs in mathematics enrichment should
probably be one of the focal points, all the way from the earliest
E:ades thmuﬁh the programs that we have in the Department of

ergy as well.

Mr. Scuirr. I would just like to make the observation that this is
a difficult area, because on the one hand we can’t ignore the lack
of equal opportunity from whatever cause for certain groups—and
like 1 say in my opinion, especially women in this area. At the
same time I am not a believer in quotas, I am not a believer that a
certain number of slots should be kept open in, say, a National
Laboratory for people just because of their background in any way,
shape, or form. And 1 think you said the key word, it is pipeline. 1
think the way to achieve ultimately e%uality and equal opportunit
is to, for special efforts to attract the brightest people from all
groups, but especially from these groups, into the pipeline so that
they will become, by virtue of their own talent, our top scientists,
mathematicians, and so forth.

Thank you very much.

Ms. JoserH. Thank you.

Mr. Scuirr. Thank you, Madam Chairman.

Ms. Lroyp. Thank you very much, Toni. We appreciate your par-
ticipation and for being with us, and we apxreciate the good job
you are doing, and again our best wishes to dmiral Watkins and
tell him that we appreciate his initiative and his interest in science
and engineeri ucation.

Ms. JosepH. I will do that, Madam Chairman; thank you.

Mzs. Lioyp. On our first panel today, we have Dr. Alvin Trivel-
iece, certainly a good friend of this Committee, and we are de-
ighted that he is now the Director of the Oak Ridge National Lab-

oratory, he is a great scientist; Dr. Robert Springer, also of equal
accolades, who is with Argonne National Laboratory—we have an
all star cast today—and Dr. Manuel Perry of Lawrence Livermore
National Laboratory and Mr. Bill Willis, Executive Vice President
of the Tennessee Valley Authority. Let me l“y.ust , of course, that
TVA is not a National Laboratory, it is a Federal agency and cer-
tainly a great resource that we have here. They have a grea. con-
tribution to the subject that we are discussing today.

It is always a pleasure to be with you, Dr. Trivelpiece, and we
look forward to your testimony. I would like to again remind you
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that all of your compiete written statement will be made a part of
the Congressional Record and you may proceed and summarize as

you wish.
PaneL 1

STATEMENTS OF DR. ALVIN W. TRIVELPIECE, DIRECTOR, OAK
RIDGE NATIONAL LABORATORY; DR. ROBERT W. SPRINGER, DI-
RECTOR OF DIVISION OF EDUCATIONAL PROGRAMS AT AR-
GONNE NATIONAL LABORATORY; DR. MANUEL PERRY, HUMAN
RESOURCES PLANNING AND DEVELOPMENT, LAWRENCE
LIVERMORE NATIONAL LABORATORY; AND DR. WILLIAM F.
WILLIS, CHIEF OPERATING OFFICER, TENNESSEE VALLEY AU-
THORITY :

Dr. TriveLpieck. Is this the auditorium microphone here?

Ms. Lioyp. 1 ht};ink w:h are Hﬁ)tit?dbﬁtgl micropm today and
we are going to have to share a little bit. Please .

Dr. ’lgn.wmmm Thank you, Madam Chairman, it is really a
pleasure fo be here. Mr. Schiff, nice to see you. ]

I want to congratnlate the Committee on having a hearing on
this subject. I think this is very important to do. It is sort of tradi-
tional to say it is always a pleasure to be here, there have been
many times for the Administration when I have testified under cir-
cumstances in which the Congress was displeased with some aspect
of the Administration’s performance or activity and although you
say it is a pleasure, it is not quite. In this case, it is not only a
pleasure, it 1s really a joy. I am pleased to be here. )

Ms. Lroyp. You know, we cover a lot of ground, but I think this
is a new day for the Department of Energy with greater emphasis
on science and engineering education, and 1 am just thrilled to
gggsh, ogaaydl Isamtht the new Secmbem tfl"x)ink he is doing a

job an ink it is going to a ur years anyway.

Mr. Scairr. Excuse me, lgoctor-l assure you I will not make a
habit of this, Dr. Trivelpiece, but 1 just wanted to add that I have
had an opportunity to sit down with Admiral Watkins to discuss
matters personally with him, and I just want to echo that. I think
President Bush’s selection was very Iine in this case.

Ms. Lroyp. Please ‘})rooeed

Dr. TRivELPiECE. You have my prepared statement, as you indi-
cated, it will be in the record. ‘

Ms. Lrovyp. Without objection, your entire statement will be
made a part of the revord.

Dr. TRIVELPIECE. And it has a lot of details in it and I am not
going to try to cover all of those details. Toni has covered some and
of course the AEC and proceeding through the Department of
Ene has had a rather remarkable effect on the educational
world, and I only want to add a few things.

You mentioned that Admiral Watkins had attended the school at
Osak Ridge and that he had benefited from that. I have had the ex-
perience of going all over the United States and all over the world
and having l£>eople say that 1 attended the something or other
school at such and such a laboratory, or I received a t from the
Division of Nuclear Education and Training from the AEC, and 1
was greatly distressed when during the Nixon Administration, for

Q
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reasons that people thought our supply of scientific manpower was
mohigh,thatmmyemamhipmfgumhippmmsmcut
back,andthatpmmintheAECatthatﬁmemterminawd.l
thoughtthenitwasamistake,lstilltodaythinkitwasamistake

'l'heDepamnenthasalotofprograms,andsodoestheLabomto-
. but before starting this, I would like to acknowl Linda

',whoismmnpanyingmeheretodayﬁvmthe tory,
who is the individual that in fact gets the work done on many of
the Laboratory programs.

We have programs for everyone, in the sense of adults and teach-
ers. We have an activity that involves ecolog and the physical sci-
ences, and this takes place out at Freels Ben at the site where the
graphite reactor was. As know, that’s now a historical site and
itisa faciligl:here rs and students and adults can come. It
involves K ugh 12 activities, each unit is a half day, it involves
such things as superconductivity, the cgaology of east Tennessee,
how predators go after each other—su i So it has been an
interesting opportunity for a wide collection of people to have some
involvement.

Toni Josetgh mentioned the PALS ingmm, the Partnerships in

i e Laboratory, started in 1988 and involves a memoran-
dum of understanding between Oak Ridge National Laboratory and
the Oak Ridge Schools. It involves speakers becoming involved in

h school and equipment loans and so on.

e also have programs for students all by themselves, precol-
lege students. There is an activity which goes under the acronym of
S , Summer Educational Experience for Disadvantaged. It was
started by the American Chemical Society. They have had about
2 000 students go through this, this is the second year that this has
been at Oak Ridge and we expect about seven to eight participants,
and it involves a8 ten-week pn;g‘ra.m in which juniors and seniors
are involved in it and it is a $1,000 stipend, half of which comes
from the American Chemical Society and half of which comes from
gto%ueti(:rsx.s. And as 1 said, that is primarily for the disadvantaged

uden

There is a local honors started in 1986, involves high
school students in the Oak Ridge area, some 20 students have been
involved. This does not have a regular formal clock associated with
it, but it rather anticipates whenever students are available, mem-
bers of the Lab are available and it is a matter of mutual interest,
and so we are prepared to do that.

On a national scale of course, as Toni mentioned, we are involved
with the teacher research associates. There are 18 teachers at the
Oak Ridge National Laboratory, thgg mﬂ something like eight

waeksthere.’l‘hisisaprmm ve watched while 1 was
at DOE;bij'g: tBh;m ors ries, al;dttthmk they have dg::
a supe: e with a e name of Peggy
lock, who is involvedefn the National Science Teachers’ Association,
has made a remarkable turnaround in some of the areas in schools
in the Berkeley vicinity.

There is a high school honors program and, as Toni indicated,
that did get started during the time I was at DOE. And I know you
have complimented Admiral Watkins, I think it is also important
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to realize that the past three Secretaries, although they have per-
haps not been as vocal, have in fact been interested in this subject,

inning with Secretary Edwards and Secretary Hodel and cer-
tainly in this case, this program owes its existence in meas-
uretoSecretaryHerﬁngton. who the very first time wher ] began
to brief him for his confirmation hearing, said can we do anything
with the national laboratories to inspire youth to consider careers
in science and engineering. I thought he was joking and I thought
it was the new boss just with a new line. He in fact kept it up, and
it was through his insistence that we ended up suggesting that 50
students, one from each State, in computer sciences &out to the
Lawrence Livermore Labora and work on the y for two
weeks, and I still remember with some fondness when I called the
Director of the Laboratory at that point and asked him what he
thought of having 50 high school kids around Livermore
Laboratory for the summer working on the Cray, you could hear
his heart stop beating at the other end of the telephone line.

The reason that I mention that is that I think the Lab was some-
what apprehensive in having them there and perhaps even a little
bit resistive. That resistance changed from that to enthusiasm to
do it again the next year. And part of the reason was the Laborato-
ry scientists with whom I talked said that one of the more impor-
tant things was it changed them as much as it changed the stu-
dents, that having bright young students around asking questions,
even though they were in high school, was an important ingredient
for the lab, and they would want to continue doing it even if the
De ent did not.

other thing that I found fascinating is I had the fortune
to go out and meet these young students during that first summer,
and you might well expect they were impressed with the opportuni-
3;:0 get to meet a Nobel Prize winner, they were impressed with
Cray, they were impressed with the other experiments at Liver-
more, they were impressed with the staff. But you probably would
not guess the thing that impressed them the most. And rather than
ask _\lmu to answer this rhetoric question, I will answer it for
myself. What impressed them most was each other. It was the first
time in their lives that these young students had had contact with
individuals of their who were as smart as they were. These
were some of the very in the nation. They immediately formed
a comguter network so that they could communicate with each
other by telet, and the like, and they have since maintained
some contacts. nteen of them went back to Livermore the very
nextyeartoworkthereatthel,abomtoryaggi;.lamsurethat
this will pay rich dividends 10, 15, 20 years now. This same
group of young students will have networked with each other and
will have maintained this kind of contact.

TheDOElabscandoalotmore.IthinkﬂﬁsisﬂxemainYoint
that I want to get across. The situation is not saturated. Very little
money and a hittle bit of volunteer time goes a very long zgy nnd
by no means are the laboratories overrun with or saturated vith
students. This could in fact be expanded I think very, very effec-
tively. Things are done for postdoctoral students, for graduate stu-
dents, for undergraduate students, for high school students, for
adults, It involves institutions such as the Qak Ridge Associated
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University who I guess you will hear from later, Southeastern Uni-
versity Research Association, historically black colleges. We have
relationships with the University of Tennessee at Knoxville and
the—you had mentioned earlier this distribution problem, and of
course it is true that something like 20 million new workers will be
here in the 2000 and that something like 82 percent of them
will be female, non-white and immigrant.

The DOE is as much a consumer of talent as it is a producer of
talent. The DOE will not be able to continue its work, as you know
there is something like 115,000 employees in the Department of
Energy and its laboratory and weapons and other complexes and
probably 30,000 of those are scientists and engineers, a very large
number. So it is I think a responsible position for the Department
to take to try to help contribute to the pool of such talent in addi-
tion to being one of the consumers of the talent.

I know for sometime your now departed colleague, Mr. Wydler,
was always interested in technology transfer and pushed , and
there is a bill that bears his name, Stevenson-Wydler. He was in-
terested in tech transfer and how the laboratories can be better
used to get patented things out. Those are things that you can keep
score on, patents. But I submit that the kind of investment that we
are talking about here in young students, is also tech transfer. The
time reach may be very long; 10, 15 or 20 years and ability for you
and others in the government to keep score and say well yes it has
occurred because there have been this many patents may be more
difficult, but this is really tech transfer. 1 believe it is very impor-
tant.

Once again, Madam Chairman, 1 congratulate you on having this
hearing and I would be prepared to answer any questions.

[The prepared statement of Dr. Trivelpiece follows:]
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TESTIMONY
SUBCOMMITTEE ON ENERGY RESEARCH AND DEVELOPMENT
May 15, 1989

Alvin W. Trivelplece
Osk Ridge Nationa! Laboratory

Madam Chairman and Members of the Subcommittee, | am pleased to have the
oppontunity to testity before this Subcommittes to presant my views on science
education and the role of the Department of Energy's (DOE) National Laboratories.
Mhowhﬂislsnm"wﬁrstappmmbammswwmmmo.lmmmme
pccasion since the topic of science education is one which has assumed critical
importance to our nation. 1t is also an area in which | have had a long-term personal
commitmant having spent much of my adult §fe involved in science education. For
nearly twenty years, | taught at the university level and whils at the American
Association for the Advancemsnt of Science (AAAS), | was actively Invoived in
educational activities. mwmﬁnﬂonnlmytuﬂnmywmmm:bﬂﬂmm
perspective of DOE invoivement in education at the National Laboratories, a rather
general overview of post high school programs at Oak Ridge National Laboratory
{ORNL) and highlights of ssveral successiul undergraduate research programs carmied
out at National Laboratories. 1 intend 10 focus my attention on precollsge programs,
discussing i soma detall several precollege initiatives at ORNL. | greatly appreciate
your interest and concam and anticipate a most worthwhile hearing.

Hiatorical Perapective

DOE has a long history of involvement in education from its beginning in 1848, When
one considers that DOE Nationa! Laboratories are major employers of scientists and
engineers, the interest by DOE in education is most fogical. In fact, it would not be an
exaggeration to say that DOE has a vested intarest in educaticn, particularly in the
areas of science, engingering, and mathematics. To quote Secretary of Energy
Watkins, *I know that the Depariment of Energy's National Laboratories are home 10
some of the worid's brightest and most innovative scientists and angineers. These
creative minds are a precious asse! and will be encouraged not only to continue their
basic research, but also 1o improve the process by which new technologies are
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transtermed to American industries, small businesses, and universities.” Historically,
the involvement in education has been focused in higher education with emphasis on
research appointments at the facully and post doctoral level. Eventually,
undergraduate programs were developed which aiso focused on research
opportunities for Students. While educational activities at the National Laboratories
are funded in a varigty of ways, the duk of the funding for educational programs
comes through the Office of Energy Research (OER).

The educational finks betwsen the laboratories and acadamic institutions are seen as
beneficial fo both in that: {1) facully, students, and stafl scientists have access 10
rasearch facifities that may not ba available at the base institution and contribute to the
on-going research at that gusst facilty; (2) faculty, students, and staff scientists interact
with professional personnsi bayond that of the base institution; end (3) students
participating in research programs provide an “exparienced pair of hands® and a peol
of capabia students to be encouraged 1o pursue graduate degrees or to consider
empioymant at the National Laboratories.

From the formation of the Atomic Energy Commission (AEC) in 1846 through a
rastructuring in 1974 to the Energy Resoarch and Developmant Administration (ERDA)
10 its present siatus as the Dapantmant of Energy, initiated in 1977, the involvemsnt
with gducation has been remarkably consistont over time. in fact, it is interasting to
review Institutional Plans (iPs) for ORNL during these eerlisr timas and note the ~
similanty of goals 10 those expressed in the current (P. The goal:. ite consistent
from 18786 through the present, exciuding referance 10 precolisga activities which did
not appear until 1987, include an emphasis on the importance of an adsquale supply
of scisntisis for the future and a need 1o expand opportunities for minority participation.

Erograms For Post High School Studenta at ORNL

The Igboratories do an excelisnt job with 8xisting programs in interacting with colisge
and university students and faculty. At ORNL, various methods are used to recognize
and document such interactions. About 100D university-based researchers, supponted
in a varigly of differant ways, are housed annually a2 ORNL. In FY 1988, there were
over 250 subcontracts with over 100 differant colleges and v::iversitias and over 5000
university-conducted experimenis with our “user facilities,” {research facilities

2
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avaliable for shared use). There are many other long standing, ciose coliaborations
between ORNL and individual universitis that are based on mutual research
interests. Thesa collaborstions support ressarch programs at such prestigious
colleges and universities as Massachusalts Institute of Technology, Univarsity of
Hiinois, ummmmaa«m.umwucummmmm.
and Duke University. These collaborations often invoive active exchangs of students
and facully whila canrying out research ot mutual advantage. While ORNL has joint
activities with educational institutions on a national and international basis, at the
same time, a special reiationship does exist with the University of Tennesses a1
Knoxville {UTK). This special reiationship includes: aextensive interaction between
both staffs; involvement on advisory boards of both organizations; and the Scisnce
Alliance, a memorandum of understanding (MOU) sponsorad by the State of
Tennessee which encourages joint collaborative research between ORNL and UTK.
The Scisnce Aliance is highlighted by the Distinguished Scientist Program. which
s80ks to aftract scientists and engirsars of high national and intamational staturg who
then have joint appoimtments at both UTK and ORNL. There are aiso several
specialized UTK gracduate programs (Oak Ridge Graduate School of Biomedical
Sciences and Graduate Program in Ecology) located at ORNL, as waell as the UTK
Graduate Program located in Oak Ridge which offers evening courses 10 those
pursuing advanced degress in scientific and anginesring disciplines.

Over 250 post high school students and faculty 100k part in research-based programs
at ORNL in FY 1988 through the Officé of University and Educational Programs. The
varipus research-based programs, many a cooperative effort with Oak Ridge
Associaled Universities {ORAU), a consortium with whom ORNL has a long and
successful relationship, span the academic lsvel of programs supporting
undergraduates fo those supporting faculty research. The goal of DOE for thene
programs is 1o help ensure adequate supplies of technical personns!l for its future
ressarch mission. These programs have besn monitored and facts exist which
suggest that the goals of thesa programs have basn mst.

Mingrity Programs gt ORNL

Existing laboratory programs are aiso proving successful in increasing the
involvement of minorities n laboratory opportunities. Money committed through

3
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subcontracts to minority educational institutions {MEls) has increased by over
40 percent from FY 1987 valuss. Memoranda of Understanding with five MEls were
estabiished in FY 1988 with the goal of increasing participation with those institutions.
A unique plonesering sclance and technology aliance involving three National
Laboratories, including ORNL, and three minority educational institutions, was
established by DOE in 1987. Since that time, the ARiance has besn successful in
improving opportunities for minority involvement at the participating National
Laborstories. Through an equipment loan program in FY 1988, over $112,000 worth
of equipment was loaned to four ME!s. Elsven Flaki Wark Proposals (FWPs) were
sstabishad 10 provide continuity of support with projected award commitments of over
$3.3 milion through FY 1991,

There are several new initiatives recently announced by Dr. Herman Postma, former
Director of the Laboratory and cumently the senior vice president at Martin Maristta
Enargy Systams, Inc. Those new initiatives scdress the need 1o affect in a positive
way the number of minority teschars in Tennasses. There are three distinct new
initiatives proposed by Dr. Postma. The first initiative has the goal of increasing the
number of biack teachers employed by the Oak Ridge schools through summer
empicymant opportunities ai the Oak Ridge faciities. The sscond initiative calls for the
expansion of the existing co-0p program to accommodate not only students planning
on carsdrs in sciance and engineering, but also including these planning on teaching
cargers in those areas. Tha third initiative is similar fo the co-op pProgram in that
summer-hire positions will be expanded 1o include individuals whose caresr plans are
focused on teaching in science and engineering areas. While the overall focus of
these new initiatives is 1o increase the pool of biack teachers in Tennesses, thess
initintives also provide an expanded opportunity for ail teachers particularly those in
the sreas of scisnce, sngindenng, and mathematics. (Information concerning
owmonmmogmmuORNmemmsnAppendixAMcomimmma

There are several programs which support research sxperiences for the
undergraduate. Soms of thess programs ate for students working toward an
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associate degree while others are for students alming, at least initlally, loward a
baccalsureate degree.

Lot us consider in detall one undergraduate program, the Student Research
Participation Program (SRP), a summer research paricipation program for
WMMMMNWNMJMMWLWW
hosts. To highlight relevant points, it can ba documented that in 1987, 58 percent of
students participating as SRPs from the years 1870-82 have received advanced
degress while 42 percent expect to receive Ph.D.s. Most of those who had completed
the Ph.D. said the program influsnced their decision to attend graduate school. An
important fact in light of demographic studies conceming the changing nature of the
future work forcse, is that females, mome than malss, reported that participation in the
research experience had an influsnce on their decision to attund graduate school. itis
important to recognize that the SRP Program invoived students from all 50 states,
washington, D.C., and Puerto Rico. 1t also included appointments at 40 different host
laboratories across the United States. DOE laboratories, while all invoived In energy-
related research, vary in many ways. Laboratories may be managed by un:. srsities or
by the corpomats worid. And as universities and corporations differ. so do the
relationships between the laboratories and their managing entities, The laboratories
may be single-purpose with a dedicated mission or muli-purposs with diverse
responsibiiities. Conseguently, students were present at a varisty of sites under
differant conditions throug ) the SRP experience. Neverthgiess, research indicates
Iitle variability in student data for participation at the diffarent locations. The end result
for the students was much the same, regardiass of site. This suggests that the
commonality of participation in the SRP Program sponsored by DOE through OER is
sufficient 10 ensure cenain kinds of outcomas. Thus, the SRP Program serves as a
representative model for the various kinds of studant research programs sponsored by
DOE and demonstrates the proven ability of DOE and the participuting National
Laboratories to implement and carry out successiul educational programs. (A
summary conceming the SRP programs can be found in Appendix B which consists of
nmmm hWBMB amrmed from the ummm_smmﬂmm

145




129

Science Semester Progrmms

Savorat other undergraduste programs shouki be mentioned that provide research
experignces. Two such Science Semester programs, now in their second decade at
ORNL, oparate through prestigious consortia of small, ibaral arts colleges. A new
program, implemented in 1987, and fundad through OER, is the Sclence and
Engineering Research Semester (SERS) program. Through the SERS Program, the
potential for aftracting quality students representing a wide range of academic
institutions is dramatically increased, and consegquantly the pool of potential scientists
and mathematicians is anhanced. While these Science Semester programs have
different names and different funding sources, they are simiiar in that the emphasis is
on the provision of a quality research experience which wi!! ancourage students to
pursue advanced degrees in scientific or technological arsas. And of course, for the
SERS Program, an adkitional goa! is that students will return 10 @ National Laboratory
and take part in energy-related research. From the perspactive that most participants
do in fact pursue graduate degrees in science, engingering, and/or mathematics,
these programs are successful. 1 is 100 soon to determine if SERS students do
choose careers in anergy-related research. HMHowever, it is known that SRP
participants, in misny respscis analogous to SERS participants, are three times more
likaly to work in a federal government laboratory as are other U.S. scientists and
engingers. This cenainly suggests that SERS paricipants will exhibit similar career
choices. (information concerning educationa! programs at ORNL can be found in
Appendix A which consists of the relevant material excerpted from the Qak Ridge

Background

There are a greal number of studies that document the deficlancies «f our gducational
system in the area of science. engineering, and mathematics and while the numbers
may change, the overall picture s the same. This painted picture is not optimistic but

rather bleak. A repont, Sgignce and Engingaring Education. (A compliete copy of this
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report is included in Appendix C) commissioned by former Secretary of Ensrgy,
M&WM1W.MMMMI'WNDOE$W%W
mmmmmmummmmmmmomr
mw«mmmmmmmmmmzm
sducation and training.” The Energy Research Advisory Board (ERAB), charged by
mmwmmm.m-mwmm: {1)
mmmmmmwm.m.wmﬂm
aducation; (2) relsvant ummmmm:w(a):mmmmmem
mpmno!mnﬁﬁcmmhmcaloducaﬁonmdtmmg. This report not only
MMIM.MMWMMWMDOE. While
the scope of the ERAB report is broad, covering university, continuing education,
precoliege, and public awarenaess, the balance of this paper will deal only with the
arsas of precollege education programs and public awaraness.

wwmmEmeammwmm.mmmlmmpub&cMan
mwotmwwmmmmmml.nmmmqm
inmmomwsymmmpmlmm The sfforts of DOE and the
Naticnal Laboratories have been successiul in 1he area of college and university
activities, meeting the goals of sncouraging young people to pursue advanced
degress and to work in energy-related careers. Howaever, all indications are that to
meet the needs of tomorrow, efforts in sclence education must bagin at a much earlier
period. The success of DOE and the National Laboratories in its existing educational
programs clearly suggests that the interest, experise, and commitment is presant for
equal success In the pracolisge arsa. Information exists which defines the national
crisis in science, snginsering, and mathematics and makes clear that to meet the
needs of the future, sfiorts must be directed at the precollege area. That is not to
suggest that efforts at the college and university lave! ba dacreased but rather that
sfforts st the precoliege level be expandad, utiizing the demonstrated axpertise and
resources of the National Laboratories. ’

Part of the interest in precoliege education at the laboratories is linked 1o the growing
concemn of the public about the status of education, particularly in regard 10 education
in science, engineering, and mathematics. Aimost daily, the public is exposad 10
another study, another repont, purporting to document the inadequscies in our
educational system. There is a particular concem in respect to science. anginesring,
and mathematics education parhaps because thess areas are seen as most important
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to the nation's abifly to remain technologically competitive. According to the ERAB
report, thers is need for concem in respect to the number of students we sducate in
sclence, snginsering, and mathsmatics as well s an squal concem in respect io the
qualily of this education. Many of our studsnts appesr to be nearly lliterate in any
scientific sanse. And a further cause for concem s that of our "best and brightest®. Not
only do an insufficient number of our "best and brightest” choose technological
caresrs, is aiso documented that when compared with the best of other nations, our
best do not compane well, at lsast st the high school level. it appears that not only are
we educating our students poorly, we are educating an insufficient number fo
adeguately and sffactivaly supply our future technological needs. To exscerbate the
situation, not only are we educating studants poorly, we ar sducating the wrong mix
of students. The composition of 1o work force is anticipated to change dramatically by
the stan of the next century with the white male becoming a minority in this work force.
And yst, particularly in the area of science, engineering, and mathematics, the majonty
of currant personnel are white males. Forelgn students, who may or may not remain in
this country, receive a disproportionate number of graduate degrees in the
tschnological areas; women and under-represented minorities do not receive a
proportionate number of such degrees.

it seems clear that what is neaded are programs that: (1) increase the numbsr of
students that choose carears in science, enginesring, and mathematics; (2) improve
the quality of education of those students choosing such caresrs; and (3) enhance
public understanding and appreciation of science, building suppont for adequate
science education and sclence poficy. It aiso seems apparent that schools need help
in achisving these goals. That statement is not intanded 10 be crtical. It shoukd suffice
to say that our schools carry a heavy burden, often with inadequate resources. it
bacomas important for governmant agenciss, the corporate worid, the professional
socisties and othsr interested partiss to work cooperativaly with schools to snsure a
fiterate population. Through such parnerships, the educational systoms will become

much stronger.

Programs At Qak Ridge

At Oak Ridge National Laboratory, our educational programs reside for the most pan
In the Office of University and Educational Programs {UEP) where the malority of
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funding is provided by OER. Within UEP, there are major areas of responsibility
including programs invoiving universities, minosdty initiatives, and precollege.
Precotiege sducation is a most interasting and exciting area of responsibifity. In patt,
this is because precoliege is uncharted territory, encouraging flexibiiity in assessing
the neecis and creativity in establishing programs to meest these needs. What are the
needs? in one sense, the answer is quite simple. The needs am fo (1) ensure &
technological workforce which will meet our future nssds and (2) prepare 3
scientifically fiterate public. To meet the nesds in the precoliege sducation area,
programs at ORNL identify three tarpet audiences. Thoss audisnces ame students,
teachers, and the general public.

Studants pesr throur: Microscopes and suddenly a drop of water comses alive; the
connection batweet, « .1 aln, dying trees, and basic chemical concepts is made clear;
an appreciation and unders’'.nding of our region is developed through geological
experiences and studies of adaptations of Tennessee animals; superconductivity as it
ralates to fundamental idoas conceming the structure of matter Is investigated; insacls
as decomposers oxpose participants to insects as friend rather than foe; wolvas and
owlis demonstrate the predator-pray relationship; and pinewood darby cars are used to
expiore basic relationships batwsen distance and force. The Ecological and Physical
Sciences Study Center provides half-day, “hands-on" sclence experiances for ama
studants from Kinderganen through 12th Grade (K-12), teachers, and the general
public. The Study Center, funded by UEP, is managed and administersd
cooperalively by the National Environmental Research Park (NERP) in the
Environmental Sciences Division {(ESD) and UEP. The Study Center was conceived
and implamented in the Spring of 1984 through the efforts of NERP siafl. At that time,
several study units in the Hfe sclences were deveioped and used by the 125
participating students and tsachers. The Study Center, since its inception in 1884 has
grown tremendously, serving over 15,000 students and teachers in the East
Tennosses area. To maks these figuras aven more impressive, including adults
invoived in Study Center public awarensss programs and workshops congucted on a
national levei for teachers and other science educators the 1otal audience served by
the Study Center approaches nearly 20,000. During this year's “siow period” (January
through Aprif), nearly 3,000 individuals were involved in Study Center activities. And
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while the number of participants in the Study Center is rapidly expanding, there is
mMawﬂﬂmﬁﬁhrWﬂiﬂMC&nﬂrmﬂvﬁie&

mmmmrmmpmm'nmn'mmmmsmm
invoived in its programs. Ta ensure thase quality science expariences, Study Center
staft is comprised of highly-qualified individuals, experienced teachers siified in the
teaching of sclence. There s also a fink with the science education faculty at UTK
mmmwmdmmotmm The most important goal
of the Study Center is to provide "hands-on” science activities for area school children
and teachers. When children and teachers visit the Study Center, they are exposed 1o
the joy and excitemert of scisnce with science presenied as a dynamic and exciting
process rather than as a collection of tacts, The Study Center study units are not
intended to replace the science of the classroom but rather 1o axpand and enhance
the traditional classroom expanences.

msmnm.mam,wmhergmpspaprnginmsmwc@mﬁamM&
They come from outlying rurai districts, from the inner city, from public, private and
home-taught schoals, and from conventional middie-class communities. Al kinds of
young peopie utilize the Study Canter. The averags, the academically gifted, the siow,
as well as the disabled, participate in the Study Center. The clienteis range from the
praschoo! child who panticipates through a home school program to tha high school
student who comes 10 lsam of suparconductivity. it is obvious that with such a diverse
student population, the teacher population i§ giso diverse. While schoo! groups are
the heaviest users of the Study Center, we also serve such special audiences as
scouts, seignca clubs, and the Southeastern Consontium for Minorities in Enginsering
(SECME). an organization designed to encourage minorities o consider careers in
science and enginesring.

The Study Center has two sites ft calls home. For the many outside activities, home is
the historical Fresis Bend Cabin, comprising part of the 36,000 acres making up the
Oak Ridge Reservation. The second home, established this past winter, makes use of
the facility which houses the Graphite Reactor. Constructed in 1943 as part of the
wartima Manhattan Project. the Graphita Reactor is the workd's oidest nucieas reactor
and the first faderally owned reactor to ba opened 10 the public on a routine basis. The
reactor opsrated through 1863 and in recognition of the significant contributions made
by the facility, the U.S. National Park Service designated the reactor a National
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Migtoric Landmark in 1966, and in 1968, it was formally opened 1o the public. It isin
mmmmmnmrmummmnm There are soms definite
probiems associated with @ach site (i.e., lack of electricity, axcessive noise). The sites
are idsal in one important respect, they are locations where the students are exposed
1o real science! At Fresis Bend, a natural outdoor setting. students have the
mwwimunmmmmm“msmbowmpomw
water qualty, in a natural environment. At the Graphite Reactor Facility, the students
{especially the younger ones) are always fillad with awe al the appearance of the
reactor. This facility gives the student a concrete feefing of what big science is all
about. It is difficult to envision a better place to cary out “hands-on” activities on
superconductivity. Certainly a major need of the Study Center is a permanent, year-
round home. Experisnce with the Study Center makes clear that close access to “real
scionce” adds an important component for children {and adults) in fostering an
understanding and appreciation ¢ science. To have Study Caenter activities take
place distant from the iaboratory not only loses the link of science and the labonatory,
but also losas the positive public relations component of students and teachers seeing
trigndly laboratory staff at work.

Not only do students benefit from quality science teaching at the Study Center,
teachars also benefit. Teachers are able to observe master teachers in sclencs,
receive curriculum materials for use in their own ciassrooms, and fink with the many
resourcas of the laboratory. Special workshops utilizing the Study Center units are
conducted for teachers through the Study Center aliowing teachers the opportunity to
expand their own teach..ng skifls and develop their own knowledge base without the
invelvement of students.

For the future there are several areas within the Study Center for expansion. First,
there is & need for simple growih of the Study Canter itseil. At this time, there /s a
wiiting fist for participation in the Study Center units which is nearly as great as the
number of actual participants. Participation in the Study Center is imited by space
and teaching stafl. The Study Center presantly has many of its study units adapted for
mbymodsablsd:phmmbeingdwelopedmwnﬁnuamupandmmm A
major tool of the scientist is mathematics and consaquently Studly Centor activities
currently include use of mathematical skills and tools; this is ancther area for further
development. Teacher training is also expected fo play a more important role in the
Study Center with & grsater number of programs for teacher-training being daveloped
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and coordinated through the Study Center, uliizing the expertise of Study Center staft
and is academic links. A specific proposal 1o the Nationa! Science Foundation (NSF)
is being developad for a three year teschertraining program fo be impismented in the
summar of 1990. For ORNL, this calis for training of {K-8) teachers in the anea of
material sciances. This is pan of a joint effort to present a muftilaboratory proposal to
NSF with the goal that sums of the Individual laboratory strengths will be more than the
strengths of the indivicual parts. The Study Center will serve as the coordinating body
for the management and administration of the program. Finally, the Study Center
intends to becom@ more visible in the area of public awareness, planning more
programs for the general public as well as for family involvemant. it dpes sesem clear
that if the Study Center is to grow in the many dimensions sesn as important,
expanded space and staff becume important.

The precoliege pre ~am at ORNL has other programs whose primary focus Is students. -

Two of the programs are pan of highly visible national programs. The Department of
Energy. through OER. sponsors the High School Science Monors Program. This
Program brings 10 parnticipating laboratories outstanding high school students from
across the country and selected foreign countries. Each state and participating foreign
country sends one student to ORNL for a two-waek ressarch experience in the
Environmental Sciences Division {ESD). The thems of the Program at ORNL is that of
Environmental impact; students join staf scientists in ESD in investigating
environmental issues grouped around three major areas: global carbon/gresnhouss
offect, low-level hazardous waste management, and problems stemming from air
pofiution. Students are housad st Maryvilla College where they are able to make use
of the many recreational opportunities avajlabis at the small, iberal arts college.
During their stay at the iaboratory, studenta are involved in resaarch activities, lacturss,
small group seminars, role playing, and of coursa, social aclivities. The Program at
ORNL is a great success and this is directly related to the commitment and lsadarship
of the staff in ESD. Over 100 staff members were invoived in last year's Program, a
major factor in the excellent Program carried out at ORNL

Project SEED Is a national program sponsored by the Amsrican Chemical
Society {(ACS). The goal of SEED is fo sncourage young people who might not
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normally consider careers in science, enginesering, and mathematics to conskier
careers in those areas. SEED students take part in a ten-week summer program for
which they receive a stipend of $1,000 {part of which is supplied by ACS). As part of
the SEED program, students are matched with @ mentor and take part in on-going
research, deveiop and submit a written repont of the research, and participate in career
education activities.

A iocal program for high school students is the Special Honors Program for High
School Students. This program initially provided academic year research experiences
for academically gifted high schoo! students. Students join their science mentors in
daveloping a research plan and work together to establish an appropriate approach to
the problam. In ranant years the program has besn expanded to provide such
ressarch opportunities dunng the summer and io facilitate participation by coiege
students. There Is no pay for students involved in this program. The students
panticipating in the Special Horors Program have done research in a wide varisty of
areas including, but not imited to caleulating diffusive loss In a rippled tokamak,
writing computer programs for simulating and displaying diffusion imited aggregation,
the study of ceramics using x-ray techniques, determining the effect of grazing by
snails on different growth forms, and mapping of genes arising in transgenic
expariments.

A new program with dramatic potential is the Partnerships at the Laboratory in Scisnce
(PALS). The PALS program began, and is still primarily, a partnership with the
science departmaents of the Oak Ridge Schools. Asa result of this official partnership,
& spesker/demonstrator program his been developed and an equipment loan
program is being implementsd. Also, through the Partnership, students in the Oak
Ridge schools are involved in an ongoing ressarch offort 1o characterize the Cedar
Barrens located close to Jefferson Junior High School. Teachers now have a formal
method to Interface with the laboratory. The PALS program provides a machanism for
organizations 1o Interface with laboratory resources and the schools. For example, the
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precoliege program is now invoived in the various school "Invention” programs, such
as "invent America” snd "lnvention Convention.” While the Partnership is officially with
the Oak Ridge Schocis, the PALS program aliows the laboratory to respond to
requests from other school systems. As other systems isam of the PALS progam,
they sre eager to be invoived and do not hesitate to make contact. Such interactions
are important opportunities to Influence science education in East Tennessss, in rural,
urban, and city schoois, and is ancther area in which expansion is important. Through
the PALS program, it becomss possible to impioment an extansive outreach program.

Programs such as the High School Science Honors Program, Project SEED, Special
Monors, and PALS are ones which sre haavily dependent on laboratory parsonnsi,
For these programs 10 #xist and be successiul, staff members must be willing to give of
their ime. The staff at ORNL is outstanding in their support of precofiege initiatives.
They exce! in their wilingness to be invoived in precollege science education. Without
exception, viually any reasonable request can be honored because the scientists
support precoliege progmams. This support may range from mentoring a high school
student, to speaking in an elementary classroom, to working with the High School
Science Honors Program, 1o daveloping curriculum, to giving of their Saturdays to talk
to teschers. There Is no direct pay-back to the staff. With precoliege students, the
“broak-aven” point in respact 10 research contributions is rarely met as it often is met
with other research participation programs. Thsre is no mechanism for reward to the
staft in any monelary 56nse and yet, the staff scientists continue to be supportive of
precofiege education. Rt is obvious the stafl is concomad and caring and wanis to
contribute. Thay contribute for & varisly of reasons: out of altruism, because they want
to retum soms of what they were given; becausa they want 10 help in the educational
process; and because they enjoy working with students. There is another reason they
contribute and that Is & most important one--thay want 10 pass on the joy of science
and the sxcitement of the scientific process. A good gquestion is "why do peopie study
sclance?" There are many good. possible answers 10 explain why people study
science. Economic strangth, technological leadarship, the assurance of an adequate
Gefenss, are all good reasons 1o study scisnce. But when a scisntist is asked why he
or she chose science as B careor, the answer is almost always the same. Science is
fun) And that is what our staff wants 10 pass on 1o young peoplie--the excitemant and
fun of science.
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Iaacher Poomma At ORNL

The laboratary is actively Involved in teacher snhancement programs. Through the
Mcm.mmmmmmwmmwm
mmmmmmmmmwmtmww~
aclivities, m|mmmm.ﬂmmmﬂmrpmmnume
mmmpmmchmﬂmmmm DOE, through OER,
funds the Teacher Research Associate (TRA) Program. Teachers am selocted 0., «
national basis for placemsnt at a participating lsboratory. Teachers am then matched
with 8 mentor and take piace in an eight-week research experience. The teachers
m-wpemmssmmﬂandamwngmmmmmmmm
ana. Mmmminmmemmwm-s. And,
of course, there am social get-togethersi Sclence Teachers Research for Vital
invoivemant (STRIVE; is a similar program which is a cooperative venture of Oak
Ridge Associated Univarsities {ORAU) and ORNL. Ancther summar opportunity for
teachers is in connection with the High School Science Honors Program. Teachers
amhkwdtokaumunsabmbrmm,mngasaﬁdmbemanthe
students and the scientific stafl, This provides teachers with the opportunity to work
wmmmmmmmmmmmmmwﬂosmsso.

Ancther way the laboratory Hinks to the teaching community is through Parntnars for
Resourcas in Science and Mathematics (PRISM). PRISM is a regional group of
teachers who mee! on a regular basis 1o plan, develop, and organize teacher
worksheps for area teachers. They have developed a plan for an equipment loan
mmmu.mwmmmmawu PRISM aiso serves as an
ndﬂmboaﬂmmmmﬂegommummmwmw.

An axcelient gxample of the kind of inages to be promoted is referred to as the "Jans
Whitaker Story.” Jane is a science teacher at Lenoir City High School, serving as
Cha:rman of the Science Dapartment, and Is an outstanding scienca teacher. Jane
has participated in the High Schoo! Science Honors Program and has served as
chairman of PRISM. Through har association with ORNL, Jane and staff members at
ORNL have developed curriculum matenals on superconductivity which she uses at
her school. She has also conducted workshops jocally and on a national level using
the superconductivity matarials (the' materials have been distributed on a national
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basis through the Depariment of Energy as parnt of their recognition of National
Scisnce and Technology Week). Jane utiizes the technical ataff 1o judge sclence
projects, give 1aiks at her school and to serve as mentorns 10 her students. Such
linkages have a ripple effect, affecting not only area teachers and students, but aise
possessing the capability for national impact.

The primary goal of working with teachers is to affect the teaching of science In a
positive way. This may be done by introducing the teachers to the workd of research,
by assisting them in developing curriculum for their students, by faciitating their abifity
to carnry out "hands-on® activities with their students, by acquainting them with siilis to
snhance their science teaching, and by being a force afowing for revitalization. By
teachers working with other teachers, «nd using the Office of University and
Educational Programs as a focal point, an esxisting support syste:n has been
daveioped and sustained throughoit the years. Teschers ae sncouraged to maintain
their finks with the iaboratory and to develop mentor relationships with the technical
siafl. Teachers perceive UEP as a resource they can use not only to access the
laboratory but aiso as a fnk to the educstional community and its progams. Through
these inks with the laboratory, teachers retum to use ORNL as a resource and to fink
their students with the resources of the laboratory.

Pmomos For The Genera! Public At ORNL

The third target sudience for precollege is that of the genaral public. it is most
important to includse the gensmal public in our lahoratory programs. Not only does such
involvement provide an opportunity to expand the géeneral understanding and
appraciation of science, R should buiid support for our overall educational programs.

Throughout the year, speclal programs are made availadbie for the pudlic. Thess
melnMMmm.Mmm.wpwmm

While some of these spaecial programs are for adults only, others encourage the
participation of families. Our aduft programs may often attract scout leaders and others
who work in 8 teaching capacity, thus expanding our educational network. In respect
to tamily science, there is rather clear evidence that working through the family
network improves the achievement and attitudes of young peopls {and their parems)
toward scisnce. Conssquently, “family science” is also an area of growth.
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Soecisl Prolects ALORNL

Another growing precollage area is that of special projects. Some of these special
projects are very concrete and their effects are visible and immediate. Special
programs are heid at the laboratory to recognize National Chemistry Week and
Nationa) Science and Technology Waek. A Science Bowl, in cooperation with
Pellissippi State Technicat Community College, was started this year and plans are o
make this an annual event. invoivement in the Junior Science and Humanities
Symposium and The Southern Appalachian Science and Engineering Fair,
cooparative efforts with the Universily of Tennesses, will be continusd. Many of our
special projects are made avallable through the Study Center. This year, spacial
Study Canter programs, one for minorities and one for girls, were hald during spring
break. Again through the Study Center, there will be special summer science
experiences, Iwo one-week programs, offered during the summar for area schoo!
childron. Summer Study Center activities are aiso expected to be a major area of
growth. (Prass ciippings descnibing precoilage programs can be found in Appendix D)
There are other kinds of special projects whose effects are not immaediately apparent
and which have as a long-rang goal 10 assist in CRNL becoming a resource canter in
precoliag® science education In this region. Many of the existing programs are
components of this long-range goal, but there are additional activities which are
necessary. To serve as a regional resource center, it is imponant to be actively
invoived in local, state, regional, and national organizations and aware of current
sducational developments and programs. Through finkages with organizations and
groups with commonr or similar goals, (Amasrican Association for the Advancement of
Science, American Chemical Socisty, National Science Teachers Association, and
Association of Science and Technology Centers to mention but a few) the strengths of
thase orpanizations can be intsrfaced with the strangths of the laboratory to build a
strong regional science resource center in the area of precoliege science sducation.

i7
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Conclusjons

The farsighted vision of thosa who initiated cnd implemented the Atomic Energy
Commission, recognizing even in 1945 that sducation in the sciences and technology
is the fife blood of the National Laboratories, is to be commendsd. That DOE has
continued 10 not only support but to expand its educational rols, using universities and
ite Nationa? Laboratories, is also most laudatory. The educational activities supported
by DOE and fts predecessors have had a profound beneficial effect on education. This
documented sflect has been most marked through the abifity of DOE-sponsored
programs 10 encowrage studenis to pursue graduate degroes in science, engineering,
and mathematics as wefl 83 1o pursue ensrgy-reiated carvers. it is clear that the
support of egucational activities is in the best interest of DOE; for DOE, of necessity,
has an intimate dependency not only on a lechnical staff composed of the very best
but aiso on & Herate public willing t0 provide suppont for the DOE missions. Rt is aiso
clear that DOE through its National Laboratories has the resources and expertise o do
sven more o snsure a GQuality education for all, particularly in those arsas relsvant to
its mission.

i believe far more could be done, and is appropnate to be done, by DOE in the area of
science education, especialiy in the precolisge arena. The vehicle is present, through
the DOE Nationn! Laboratory family, 10 have maximum impact on the quality of scisnce
education. | would hope that the mission of DOE wou.d expand its educational efforts
focused on the precoliege population while also working to enhance public literacy.
As Director of Oak Ridge Mational Laboratory and as a concernad citizen, 1 applaud
this Subcommittes and tha Cony,.ass for their supporn of sfforts by DOE 1o utilize the
National Laboratorias as teaching tools. | noticed with plgasure that In Sacretary
Watkins' prepared remarks for his confirmation hearing, he saig, "The laboratorias will
also have s growing role in helping high schools and universities motivate young
peopio 10 seek vocations as scientists, mathematiclans, and enginsers of tomomrow.
We are not doing snough in our nation 10 8nCOUNRgR young psople, and paricularly
the growing number from minority backgrounds, 10 pursus careers In science and
onginsering. | oopreciate the opportunily to be here today to address this most
important area of sclence, engineering and mathematins edizcation and the National
Laboratories. | am commitied 1o the role of the national laboratory as a significant
resource to improve science. engineering and mathematics education. | hope to
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mmmmmwm»mnmm&mm.mmmm
Cmm,wamm.ﬂhmchﬂmnmd,toMnmmofqumy
sciance, engineering and mathematics education for all. Thank you Madam
Chairman. 1 would be plassed 10 answer Questions.
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Designated User Research Facilities

ORNL has served for manv years as the
steward of numerous, highly sophisticated
expenmental [acliues. These user faciliues are
dengned to Jointly serve the iechareal community
and DOE rswons by minimizing unnecessary
duplicatien. promoung beneficial scennfic
interscuons, and making the mor effectve use of
cantly and, in many caKs, umgue equipment

Visiting scientists using these facilizies are ..
smporeant source of external interactons for
ORNL. In 1988, more thas 400 vimning
researchers collaborated with ORNL soenusts on
projects involving user facuities (Table 43)
Traditionaliv, about one-hall of these
collaborauens involve univernity sneniisis
(Fig. 34). but stronger ues with indusry and
relaxed patent regulations have promspeed a greater
number of industnal paruopants. Figure 35 shows

Esternal jnseracions 19
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Tabie 4) Expenmancees sl deagnatd user rescsrch fankiony’

(FY 199)
Umvermy {adusry ORNIL. Formsgn Tocal
Ea Tamdem Vaa de Graafl 19 e 0 16 (491) o (40) ¥ 1128D)
Holifleld Heavy fon Research 8 ¥ D 4 %) B (ITDH 14 (1269
Faciliey (HHIRF)
Ouk Ridge Elecron Linear 4 Q7 2 @" 16 (1.668) 2 (R PIIEER )]
Accrlersser (ORELA)
National Croter for Small- 23 14D D & 3 LIS 1) Yy 29 92 (28%)
Angie Scanering
Ressarch (NCSASRY
Neutron Scassening #acility’ 0 0 0 0 [
Shared Rescarch Equepmens MO 3 D M @M 2 (M) e (93D)
(SHaRE)
Surface Modificanon and 3 M 10 UN 40 (1,188} o () 72 1,59
Charncserisstion (SMAC)
Laborssory
Research LI ) t @ 0 2 (99 LA b/ )
Facility
Heskth Phymice Revesrch 0 0 It} 0 0
Reacsor® (HPRR)
Natioasl Esvircmmsersat 62 {1,499 3 9 343 t1.3eh) T 100 2908
Ramsureh Park (NERP)
Roof Research Facility 11,0800 1 19 0 (] 2 1,99
High Temperature Mavrisls 13 (o8 9 80) 9 9% O 116 (10N
Lebermewy (HTML)
Total (12 {acilices): 280 (3.610) 36 (2768) 278 (6, 000) 47 (450 de1 (13,1TD)
“Nomber of users is provided; suwher of user-days 13 in parentheses.
*Facilicy sffacted by DOE reactor shisdown order.
trends in the number of outside usery of our DOE’s order on March 26, 1987, (o shut down all
facilities since 1979. The use of user facilities 1s research resctors at ORNL. This order directiy
expeceed to increase as ORNL seels greater affected the [ollowing fxcilities:
organizations and industries. * the Health Physics Research Reactor (HPRR),
A major {actor influencing the use of user * the Nat:onal Center for Smali-Angie Scartening
{acilities ins FY 1987 and 1988 was 2 resuit of Rescarch (NCSASR),
140 Osh Ridpe Nassonst Laborgior - .iuiiongs Pan £Y 1989~ 74
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Other 1%
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Fig 33 Number of cutside users of ORNL lacilinses.

* the Neutron Scanering Facility (NSF), and
* the Low.Temperature Neutron Irradiation
Facilsy (LTNIF).

In addition, DOE's decision to place the Bulk
Shielding Reactor (BSR) into cold shutdown
condition hay led 1o the elimination of the LTNIF,
leaving 12 ORNL scientific facilities designated as
olficisl user facilitiey.

User facilities will play 2 key role in future
energy research for the United States, therefore,
the associate director of ORNL research reactors
and his staff are working to return these reactor
facilities to operation as safely and quickly as
possible.

University Programs

Educational Programs

Overview of ORNL'’s University Relations
Programs

The DOE Usniversity Laboratory

Prograns (ULCP), Office of Energy Research
{OER), supports research partiopauon and
trainung for students and faculty a1t ORNL
through both ORNL and Oak Ridge Associated
Universities (ORAU). Many more participants are
supported by programmasic funds housed in the
Laboratory's divisions and by other sources, such
as colleges and universitics, fellowshipe, and
granis. About 1000 university-based rescarchers
are housed annually at ORNL; fewer than 300 are
supportad by ULCP. In addition, many ORNL
projes with i sonall { univers:
ORNL piays an important role in the
education and training of university students
through 3 myriad of programs designed to provide
research experience. Over 1000 ansual guests &t
ORNL are affiliated with universities, cither as
precollege students, undergraduase and graduate
studemts, facuity, or postgraduate appointees. Most
visit for short-term research projects, but about
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ovethird are amsigned full<ime to ORNL divisions
for research that may last from 1 to0 2 yean,
producing about 400 person-years of program
mehﬂdhtﬁeh&wm
through a variety of mechanisms:

" designated DOE User Facilities and other
TEICRAITE,
» supervising Sudents and collaborating with
faculty on research participation appoiniments;
* donating and icaning personnel and equipment
resourves; and
* eqtablishing dose collaborations with spenfic

universities and univernty consorua.

DOE and ORNL also benefis from university
progrann. Manpower projections performed for
DOE indicate that the demand for well-qualified.
trained scoentists and engineers will continue to
increase, particulssly in fields such as health
physics and computer science. At the same time,
trends point to a decreasing number of science and
engqineering graduaten, especially those who are
U 5. citizens. To ensure a supply of personnsel to
perform cocrgy-related research, DOE has 2
comprehensive program designed to improve the
quality of science education and 1o iner w
munber of students efecving to study sovaae
ORNL plays an integral role in this program to

. snhance the research capabilities of cducatinal

institutions and to train students for careens in
research.

Working with universities is a cost-effective
way to achieve ORNL's programmaric goals.
ORNL awards cumerous R&D subcontracs o
universities that sponser revearch on campus in
support of the Laborstory’s missions. In addition,
a number of programs are coordinated through the
Office of University Relations whereby students
and isculty participate in research at the
Laboratory. These arrangements are attractive 10
the Laboratory because they usually cowt less than
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it would to hire additional sall and still maintain
quality work

In addition to being com effective, university
persoanel make subsantial contributions to
ORNL's missions. Recently, for example,
important cosstributions were made by a former
postdoctoral appeintee and curress posidoctoral
appointees in the design, construction, and
uperation of the scanning-tunneling mcroscope in
the Heahth and Salery Research Division
(HASRD). Over the two decades that ORNL has
hosted undergradu:-e sudents on scademic-yeur
cieuoe semester programs, students have made
subsrantive conribuncns to ORNL projects that
iater were patented and/or received 1R 100
awards. Furthermore, working with university
personnel fulfilly the Laboratory's technology
transfer

Over 20 different programs provide

for students and faculty 10 participate
in resesrch at ORNL for appoiniment periods
ranging {rom § weeks 1o several years. About half
the programs are administered through ORALU.
Opportunities exist for summer sod/or academic
year appointments. Comprebensive programs ine
graduste students include graduate internshipas,
summer appotntments, and thesis research.

* 4.0y university personnel receive training or
17+ i cxperiments on ORNL's sate-of-the-an
resources while they are under research-
participation appointments. DOE supports a
variety of university prograss at ORNL, both
through ULCP and programmatic funds.

About 108 co-op studenis were employed by
ORNL in FY 1988; by contras, about 200
wudens, 48 postgraduates, snd 30 [aculty received
programs rus by the Office of University
Relations. Thes» appointments exclude the almost
200 who received research travel contracts for
short-term research visits.

Programs are available through ORAU thas
help support travel costs for universiry faculty and
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graduste students under rescarch ravel consracts.
Addisions! programs support travel costs for
historically black colleges and universities (HBCL)
rescarchers, such 33 Minority lastitution Resesrch
Traved (MIRT) and Very Importan: Small
Institution Travel Support (VISITS). The
sspporied visits may be to pesform experiments st
user facilities and resources or may be wsed for
consultations with ORNL stafl about common
resenrch intesests.

University Consortia

ORNL has a close relasionship with several
university consertia. For example, ORNL has had
4 long-standing colisboration with ORAU oa
educational programs that has been strengthened
through the implemenation of several new joins
programs 53 well a9 joint university outreach
activities. In FY 1986, ORNL moved closer w0 the
Southeastern Universities Research Assaciation
(SUW which is anodher consortium of major

ivities a3
and various commistees. ORNL also continues 0
have strong semester programs with the Great
Lakes Colleges Association/Associated Colleges of
the Midwesnt {(GLCA/ACM) and Southern College
University Union (SCUL”) consortis, now both in
their yecond decades.

Research and Development Subconiracts
ORNL swards about 270 R&D subcontracts

research at the Laboratory. About 40% of ORNL's
subcontract obligations are with UTK {including
the cos Jor the joint appointments under the
Distinguished Scientist Program)

In FY 1989, universities in a moprity of stajes,
Puerto Rico, and Canada received research
funding from ORNL: Money commitied through

subcontracts to minority education insticutions has
incressed by over 25% during the second haif of
FY 1988. Prograse HA i» the largest sponsor of
usiversity subcontracts, accounting for abou: 18%
in FY 1986. Other major sponwors of university
reaearch sre Program EB (16%), Program EE
(13%), and Program AA (10%). A large
perventage (over 45%) of the university
subcontracts are spoasored by Work-for-Others
agenciey.

Research Collaborations

Many long-standing, close callaborations exist
between ORNL and individual yniversities that
are hared on mutual research interests. About
one-third of ORNL's annual R&D sebeonrec
expenditures gocs to support collaborative revearch
2t 20 prestigiows collegey and universities such as
the Mastachuserts Instituse of Technology, the
Unisersity of Ilinois, and the University of
C.lwwmamﬁum Most of these

active exchanges of students and faculty.

ORNL is also engaged in a team R&D effont
2of the deployment of an sdvanced roboric system
capable of performing tasks bazardous to humans
and/ar whose execution times can be redoced if
performed by sutomated systems. The goal of this
project is to develop s generstion of advanced
robotic systems capable of performing surveillance,
maintenance, sad repair tasks in nucesr facilities
and other hasardous environments. This goal will
be achieved through & collaboration amorg
OlNLMWdMMM
Tensessee, and Texas; and a number of industrial
parmers. This program is desigoed to take full
advantage of existing resources at all pantiripating
institutions. ORNL participssey in the research,
coordinates the overall effort, and conducts
coordinated experiments and integrated equipmens
1ests 1o demonstrate the overall progress of the
team. B

External Interactions 14}
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ORNL plays a role in eshancing cducstion
and reseasch facilities on campus. For example, a8

purchased. In the past, afl equipment had 2o be
returned unless the equipment was oo costly
transport. However, recent chasges in DOE policy
have aliowed equipment purchased under
subconiracs for fess than $3000 to remain the
property of the school upon termination of the
work.

ORNL aiso panticipates in the DOE Excess
MMW.(M)M

to sophisticated asalytical
sew, used, of inn need of repair. The Laboratery
maintaios a data base, which is updated monthly,
that lists available equipment. University personnel
can access this data base.

Besides providing equipment resources, ORNL
MMMMwM_M

throughnus the nation, either beesuse of an ad hoe
invitas +4 from faculty er through formal programs
such as the ORAU Traveling Lecture Program
and the Industrial Research Institste (IRI)

ianting a day, atiow studenss and facuity to consult
extengively with the schentist and give university
personned insights into some of the custing-edge
scienge performed st the Laborstory. About 75 to
100 of these visits are made annually.

Many ORNL staff members are affiliated with
universities on an adjunct basis to teach classes and
to colisborate with faculty on research projects.
Some 25 to0 30 adjunct professors from ORNL
receive compensation under official apposntments
from The University of Tennessce. Many others
donate their-teaching talents to other institutions,

144 Ok Rudge Natwonal Ladorators i
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sach a3 Kncxville College, Tennesses
Technologicel University, and Roane State
Cocumunity

ORNL safl also weach short courses as pary of
ORAU's manpower training programs sponvored
by DOE. ORNL also provides other types of
assisance to faculty, including critical review of
proposals and masuscripts wd organising joint
meetings and conferences.

Facilities and Equipment at ORNL

ORNL is the home of 12 official DOE user
facilities. These facilities offer unique opportunities
for outside researchers 0 perform experiments oo
sate-of-the-art equipment st minimal cost. Many
of these facilities are supparted by separate
operational funds, and users need pay only their
sravel and housing costs. Of the non-ORNL
participants using these facilities over the last
5 years, about 60% came from universities.

lawxm.mmwm
performed for 5610 user dayy in
ORNL's DOE user faclities. The
percentage of the university-based users (11%)
perform reseanch & the Holifield Heavy Jon
Rescarch Facility. Ocher {acilities heavily used by
upisersity researchers incinde the Oak Ridge
National Environmental Research Park and the
Suriace Modification and Characterization
CMV:IMCM(SMAC/CRCQ

capability (s Cray X-MP and two dé-node
pavaliel processors), advanced clectron nricreecopes,
analytical equipment (including a new Fourier
transform mass spectrometer), and other research
tools, In addition, the Walker Branch watershed,
located on the Oxk Ridge Resesvation (ORR), is
one of the best sites in the world for watershed
research. Arrang=ments to use these resources are
made directly with research staff or through the
Office of University Relstions.

- . maf Plan FY 1989— 1994



151

- T .
Precoilege Progranu Workshop, scrving as lisisons between the students
and ORNL science staff.
Much of ORNL's inseres: in precoilege mn:mawmm
programs is in respones 1o the federal government’s  research activicies at ORNL under the

renewed interest in science and machematios
education. The quantity sad quality of science and
mathemstics wraining at both the college and
preeoliege levels is declining Some of the problems
bave been manifessed in the university in terms of
poor precoliege preparamon and declining
enrolipens, especially of U.S. citizens

minorities. Within the lass several years, DOE has
al%e recogaired thas this problem may affect our
nasion's ability to mmpete in internanonal research
arenas in the future. Therefore, DOE has
implemented several precollege programs dengned
for both students and texchers. ORNL has also
responded o the calls for action with several new
precoliege activities, organired and managed by
Usiversity Relations. University Relations works
closely with Public Relations staff.

ORNL hosts high school teachers during the
summer and high school Rudents year-round. In
addition to research participation, other events are
organized for summer guens to the Laboratory,
including a seminar series that focuses on majpor
Laboratory programs and a series of tours 30 that
attendees can learn of the vanery of research that
1akes plsce 3t ORNL.

For many years several programs have existed
to avaul the Laboratory to high school studenss and
seachers. In the summer of 1985, 14 high school
leschers weve participants in the pilos Summer
Field Experience program that allowsd them 10
assit ORNL rescarchers for 6 weeks.

Two new summer research programs, the
Carbon Diexide program and the High School
Honors Warkshop, were impiemented during
FY 1588. The Carbon Diowde program 1s a
nanonal program involving teachers «oncerned
with research about the global carbun i1 cle and
with linking this research to curry uium
development. Teachers were also ins.died as
science associates with the High ~ i.v1 Honors

management of the University Retstions Office. A
teacher advisory group, Partoers for Resources in
Science and Mathematics (PRISM), has been
working with area teachers in providing
qu‘pamluammum
week 10 link the “big acience” of the Laboratory
squipment loan program attempts to provide
oriented initiative in FY {988, PRISM Asroniate
Teachers (PAT), encoursges teachers te link with
laboratory personnel to enhance their own
knowledge ia a given ares and to develop materialy
sppeopriate for their teaching assigamens. For
exampie, one teacher has wocked wih saff in
ORNL's Solid Stare Division to develop materials
linking superconductivity to traditional saence
opics.

Programs established for high school students
have been expanded and new programs have been
impiemented. ORNL hosted one of the DOE
National High School Honors Workshops in
FY 1988, wah a focus on environmental soiences
Over 100 Environmental Sciences Divisson (ESD)
#afl members provided the workshop with
research experience and student lectures and
served in other capacities. Fifty-seven high school
students, representing all states, the Districs of
Columbia, Puerto Rico, lialy. Canada, Germany,
France, and Japan spent 2 weeks at the .
Laborasory

Duriny their stay a1 the Laboratory, these
students were involved in environmental studies
dealing with the sffects of contaminants on the
environment. The Special Honors Study program
impiemented in FY 1986 allows exceptional high
school students to condust a study project 1 an
area m which they have a special interess at the
Laboratory under the supervision of an ORNL
#tafl member Seven students penticipated in the
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program in FY 1988, for a total of 12 parsicipanu
sinee the inception of the program.

Initistives are also being developed to involve
minsricies in prosollcge in an effort to
incresse the pool of minarity citizens whe elecs 1o

was initiated in the muamer of FY 1988 with a
studem being pisced in the Chemical Technalogy
Division, It is expected to reach 8 participation
level of five in FY 1989, In addition, the
“Challenge® program, designed w0 encourage and
prepase minoritics for careers in science and
related fleids, involved staff from the Office of
University Relations in FY 1988.

As part of this increased focus on precoliege
activities, ORNL roatinuss to expand the
Ecological and Physical Sciences Study Center (the
Study Center), which is one of the moR visible and
successful precollege programs. The Study Center
was foemerly the Ecolagical Study Center (ESC)
of the Oak Ridge National Eavironmental
Research Park. Developed by 2 team of educaton,
ESC began in 1983 with four study units,
functioning during the spring and winter. The

lewrning in both the life sciences and
scienoes. The wnite are offered generally as half-
day Neld scrivizties and are tailored for the
acaderic level of elementary, junior high, or senior
high school studenzs. The Study Center now
operates year-pound, including Summer Science
Snmﬂfwduhmmkymnmd
children. Since it inception in 1983, the Study
Center has hoated over 8000 participants
Demand for ihe program continues to be
strong; Many moPe TequUests are received than can
be accommodared, Several of the study unus have
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been adapted for wee with “handicapable” students

in the standard Study Center formas. In addition,

several of the mudy units have been modifiad for

indoor programe and are also presented for
{ndividuals.

A parneyship with the Osk Ridge achonis hay
been developed and implemeniation has begun to
link the science deparements of the schools with the
resources of the Lahoratory. The Laborssory
possesses unique skills and a knowledge base that
can serve to amist the schools in eshancing the
scientific edwcntional experiences of both students
and teachers. This partoership will serve 23 2
model of how communities and laboratories can

benefit from such partnesrships.
Undergraduate Progranms

Several undergraduate student programs are
worth mentioning in more detsil because of their
popularity, uniquenew, or newnem. The
Technology Internship Program (TTP) provides
iraining opportunities for studenty pursuing an
asociate degree. Although the program s only
4 years obd, most of the participants hawe already
been hired for regular employment as ecthnicians.
The Student Research Panicipation program
brings in students during the summer between
their junior snd senior years for 10-week
appointments. Many of these students are
subsequently hired for summers during graduate
school under the ORNL Summer Research

peogram. .
The Osk Ridge Science Semester program,
almost swo devades old, is an academic-year

GLCA/ACM and SCUU spend one sementer ai
ORNL performing research and taking courses
1sugha by resident faculty from the consorsia, for
which they receive academic credit. A 10-year
survey of the GLCA/ACM program indicated that
over 90% of the participants had received a
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graduste degree or were currently enroiled in ORNL staff the oppertunity to receive valuable

The Special Summer Program provides {unher research experience. attention
opportustitics for undergradusse students from anmmw
HBCUs to participate in research as early as the cmployees have been recruited from graduate
freshman year, with the insention to rehire for student programe. For example, the Summer
subsrquent summers through gradustion. Because Research Iasermship program is sesigned for
of iis program, and odher university-relations mmm.mm

g avey the last two fiscal years. The
number of ssudents and fasulty from HBCUs has
climbed from 4 in FY 1985 t0 29 in FY 1988, and
mmammtmrmum
institutions was increased from none in FY 1985
w0 19in FY 1988

Graduate Programs

Graduate students can perform prethesia
research through several programs. ORNL has
m.mdmmmm
expevience who have been awarded DOE,
fellowships, Thesis research, which can be
spoasored by ORNL R&D subcontracys, is also
the objective of the Ladoratory Graduste
Parucipation (LGP) program. Students selecsed for
this program perform full-fime thess or
dissertation research for up 1o 2 years under the
direction of his or her graduaze commintee, which
would inclede both ORNL and university
representatives. This program is very competitive
and selective; typically fewer than ten
appointments are made annually.

All candidates mun be approved by the ORNL
Graduste Fellow Sclection Panel, a commistee
composed of professional sall representing all
ORNL research and techaicaf divisions. The
ORNL Graduate Fellow Selection Panel also is
respoasible for approviag students wihk masers
degrees and postdoctoral applicants who are
appointed through the Posigraduate Research
Training/Appaintment programs \lso tighly
competitive and selective, this procr 1m sliows

mas.&s«mmhmwm
mMmmm;m
were hired as interns for summer 1986, In

addition to the health physics interns, graduate
mmmmmwmm
ASHst with acvivities in the nations) Hazardous
Waste Remedial Actions Program (HAZWRAP)

The University of Tennessee, Knoxville

UTK enjoys especaly close ties to the
Laboratory. Many U1 K faculty membery have
served a3 consulants and research participants at
ORNL. ORNL salf have served on UTK
advisory committees, and UTK saff have played 2
nimular advisory role at ORNL. Many ORNL
stafl have taken advantage of the UTK Remdent
Graduate Program in Oak Ridge, which offers
evening courses 10 those pursuing advances degrees
i 2 variety of sienrific and engineenag
disciplines.

Science Alllance

A current memorandum of
{MOU) in effest is wub UTK, which was
Mumdmmmm.sm
by the stase of Tennessee, this Censer of
anmmmmd
the Better Schools Program.

The purpoee of the Science Alli- ¢ is 1o
Fnrourage joiat research collaborations between
ORNL and UTK, 1thus fostering a unique
environment for research training. Many different
acuvities fall under the program’s umbrella, but
the ooe moss visible i the Distinguished Scienust

External [nterscnon; 14
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Program, whose purposs is to sreogthen RAD in
the region by anracting scientists and engineers of
high national and incemational sature. The
selecsed aciemtists hold 2 tenuwrad position m full
professors st UTK and appointasents & senior
research pciencises a1 the Laborstory. ORNL and

the stans of their sppointments.
mmmumm
Allisnce include 8 summer resesrch program
ommmmmmd
joint graduste programe. These joint programs
include a new Mawer of Science progmam in
biscechnology snd a graduste program in
measuresent and contyel enginesring

The UTK Graduate Programs at ORNL

Perhape the Jeast known, yrt strongest
ORNL-UTK joint programs are the two UTK
graduate schools locarad a3 ORNL. The Osk
Ridge Graduste School of Biomedical Sciences
{ORGSBS) and the Graduste Progran in Ecology
are both in theis second docade. Both graduate
programs at ORNL provide a home for several
JUTK faculty.

Housed in the Blology Division s ORNL,
onmeﬁmmmmmum
and Ph.D. degrees and for postdoctors] training.

Studens support is provided by UTK through
research assistantships and foderal grants. Most of
the school’s reaching and resarch raining is
Frovided by Biology Division sall. The cusrent
enrolimest is around 40 gradunte students and

postdoctorase appointess.

The stcond UTK graduste program at ORNL
is the Cradunce Progyam is Ecology within ESD.
Simsilsr 1o ORGSBS, the Ecology program offers
full-tizne graduste study for M.S., PA.D . and

pesctoctoral students. The students are largely
supported by ESD programmatie funding. About
20% of the rescarch training is provided by ESD
safl, who alse seach courses under

On Jasusry 19, 1988, ORNL and DOE
signed an MOU with Southern University. The
MOU was inktisted to forssalise joint program
activities that will assint Southern University in

its research and educssional capebilities
and amint DOE in achieving its misgions.
Subcontracts are in process in the amount of
$245,000, which includes two sisbrontracts with
the ¥-12 Plar.

On Sepezmber 23, 1988, ORNL and DOE alwo
wnmmmmdm

wm AMWuiMm

FY 1588 was a year of significant expansion
for the program. Over 30 students and faculty
membery spent summer internships at ORNL and
the Y-12 Plam. Submatracs commitments
incressed nesrly 408 from FY 1987 commitments,
even a8 total commitments in subcontract awards
to higher educational institutions (HEl) decreased
by ower 15%. FY 1989 scboontract commitmensty to
minority eduentional institutions (MEl) was
$1.4 millicn. This represeated 8.2% of the total
mmwﬂmmm
by MEl

mmwwmm
that might be used on MEI campuses towand
enhancing their research capabilities. During
FY 1988, through various interactions with ME]
faculty, over $112 thousand worth of
was lasped 0 four MEls Algo during FY 1998,
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efforts were made 10 esuablish new Field Work
Proposals (FWH) ro provide continuity of funding
of subcontracts beyond one your with selected
MElIs; voward this end, 11 FWPs were established
with projected award commisments of over

$33 million through FY 1991,

In April 1987, Energy Systemn appointed an
MEI Program Manager uader the direetion of the
Epergy Systems Director of Minority Program
Development to act a3 the focal point for Exergy
Systems involvement with HBCUs. Because mont
of the ME]/Energy Systems interactions mke
ploce with ORNL, the ME! Program Office is
iocated in the ORNYL Office of University
Relations.

The main thrust of the program i to develop
opportunities through internal (Energy Sywems)
and exteraa! (MEJ) interactions. Internally, the

program emphasizes communscation of Energy

wummmmﬂv,
antempts are made to enoourage MET pasticipation
in research through workshops, established contan
assistance.

mmmm.nmm

way with other educational institutions
MMW&NWMMW
University, and the Ans G. Méndes Educstonal
Foundation (AGMEF). Energy Systerns is also

sysiems
seeking 1o increxss the nummber of minorities and
wotien who elert science and engineering e
peograms in college.

Several new initistives in support of precollege
and minerity programs are expected to be funded
by the KE program next year, These new
initiatives include the following.

® With Oak Ridge serving as the iead laboratory
in partmership with seven other panicipaung
DOE laboratories, 2 National Scienee
Foundation {(NSF) grant proposai for a

muliilaboratory teacher training program for
teachers in grades K-8 has been
submitted,

* Severs! natiosal teachey training programs are
expersed 0 be expanded aad/or modified in
FY 1989. The newiy initiated Carban Dioxide
peogram, with emphasis on cwrricutum
developesent in the ares of carbon dioxide, is
expecsad o expand 1o a level of 15 pasticipanty;
the rcorganived national high achood teacher

'MOUlwnhUPlnd-iudtSmuu;d
Technology Alliance were signed in 1988, with
muhuplmmmdmmm

Joint research projects are included in the
collsborative effores leading from the MOUs
Ohher precollege areas 1o be further developed
concern programs that address specific
manpower needs to DOE.

* Programs are being developed that involve
efforts to prowide activities for females and other
under-rep  1zed minorities, to enhance
mathema  ducation, (o strengthen precoliege
education 1n the physical sciences, and 1o
provide academic-year activities to revitalise
teachers and students.

Proposed Programs

1n its eiloers to incresse interactions with
presnier academic institutions, ORNL has
established an MOU with Duke University.
ORNL is also expanding *:s intersctions with the
Research Associates (SARA) program. Increasing
numbers of ssudents from the Naval Academy,
Wes: Poini, and, for the first time, students from
the Air Force Academy will participate in the

Esternal Interactions 149
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SARA program. Faculty from the sryvice
acadewies will also be encouraged to participate.
The oumber of univerwmty research participants
is expecred to increave in FY 1989 with the
mammmmm
Research Semesters, Whan fully

Osk Ridge. The program is being successfully
phased in with over 80 parmcipanss in FY 1988,

Summary

programs will consinue ro grow siguficantly in the
future. It is impormant that a facility be developed
that meews the aceds of our growing precollege and
university progrants. ORNL will continue to
involve ew groups 1 our activitics, implement
new r.grams 1o meet needs, and otherwise

enb sce our sducation and 1raining acuvities. The
catmng of programs currently offered by ORNL is
considerable and impressve, bul opportunities for
new muistives sull exist.

The GRNL Univernty Relations program will
comtinue to grow and act 39 & model for other
federal laboratories and corporate entities in their
efforss 1o enbance the education of the nation's
youth, ORNL has demoastrated a commitment to
merease the imvoivesest of university personne] in
its R&.D activities. It is imperntive to supply well-
traised, qualiliad technical personne! for the
future. The Lodoratory is assisting DOE in
achieving this goal in rwo ways: (1) by providing
opportunities for srudenw of all ages wo recnive
training and to perform research and (2) by
encoursging students 1o astend gyaduate school in
eneryy-related disciplines. The universuv
interactions are also importan’ in transferring
science and technology throu,h sponsoring faculty

180 Osh Ridge National Lodorator

research participation and visits at ORNL and
through ORNL sall visits and lectures on campus.
personnel will continue o be a con-cffective
method 0 receive quality assistance in fulfilloent
of the Laboratory's missons.

A proposal has been submitted to the NSF for
a teacher-enhancement program for teachers
from kindergarten through grade § This
multi'~boratory provosal invoives eighn DOE
laboratovies, with ORNL serving as the Jead
tsboratory. The proposal calls for a budges of
nearly 36 millicn over a S-year period and is
expeeted 1o serve over 400 teachers. The teacher
program will focus on “handi-on® activities that
link the "big science”™ of the laboratory o

Minority Business Procurement

Energy Sysiem’s Award Fee Contract with
DOE. requires that we provide maxumum practical
opportunity for minonty businesses to sell us the
rommodities and services used in the operation of
our {salities and programs.

ORNL management and il work closety
with the Socioeconomic Programs Office and
Purchasing walfs o identify and qualifly companies
a.wned by socially and economically disadvantaged
individuals to participate in the company's
support this program.

» Qutreach—move than 25 trade shows, business
ommtyfﬁmmdm!m for small and
businesses are attended each year.

Staff members also mest one-on-one with

minority comy anies to enable them to “market”

therr goods ard services,

# Seminars and workshops are cosponsored with

DOE and other organizations to help company
represeniatives better understand our

. nias Plan FY 1080~1904
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requirements and the correct procedures for
doing business with us.

* Large, complex procurements are broken down
into smaller pieces to enable greater
parvicipation from minority firms.

* Special arrangements are made with Accounts
Payable 1o ensure that prompt payment i3 made
w0 minority firms to help alleviate cash-llow
problems.

® An annual awards program s conducted that
recognives & minovity-owned firm and minority
colleges or umversitics {or ouistanding
performance of work for w.

* As part of the awards activily discussed
previovaly, internal staff are recognized for ther
support of the program by serving as
“advocates” for small and disadvaniaged
companies.

* Sirong suppor is provided 10 DOE in
identifying work that can be awarded (o
minority companies that have been certfied

under the Smal] Businews Administration's
8{a) Program. Once the sward is placed by
DOE, our saff members serve a3 technical
sonitors for the contract,

Placement of contracts and orders with
mincrity companies has increased steadily over the
years. Energy Systems has received the following
awards recogniring performance in this ares.
¢ FY 1988— Distinguished Prime Contractor of
the Year for Region [V—awarded by SBA-
Headquarters;

¢ FY 1988—Small Minority Business Advocate of
the Year for the state of Tennessee, Ruby
Miller—awarded by SBA-Region 1V;

* FY 1988—Corporation of the Year, Portsmouth
Gaseous Diffusion Plant—awarded by
Columbus (Ohio) Regional Minonity Suppliers’
Development Counal; and

* FY 1987—Small and Mincrity Business
Advocate award, Aliyn Zerby of C&TD 2t
ORNL.

Exiernal Interactions )51
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U. S. Department of Energy

Profile and Survey
of 1979-1982 Participants
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Summary of Findings

Since its formation in 1977. the U. S. Department of Energy (DOE) has
had the responsibility and jegrsiative authority to develop programs that

This report reviews information provided by a ssmple of the 2.752 SRP
Program participants who heid appointnents from 1979 to 1982, Some
of the most significant findings of the study are:

+ In 19687, many survey respondents ware stiil working on graduate
degress. However, 42 percant had or expectad to raceive PhD.'s:
22 percent either had or planned degrees in mexicine, law. or other
professions: and 29 percent expectad 3 Mastr's dagres to be their
highest degree.

+ Over 58 percent have aiready attained an advanced degree,

+ Fifty-four percent of the respondents saxi that their primary work
activity was mssarch as compared to 33 percent of 3t empioyed
scientists and engineers in the U. S

»+ Former SRPS are mare than three times as hikely to work in a federal

WW(%)&MUSWM&;M
(

» Sixty percent of 3l respondents and 78 percent of those who had
compiered PhLD.'s indicated that the program influenced therr dacsion
to attend graduate school,

» Femalas ware more likely than maies to indicate that participation in
the program had an influence on therr decision to attend graduate

» Moare than haif of the respendents {57 percent) indicater that the
program influenced thesr chowce of ansa of specializanion,

In generai the information provided by past SRP Program partiipants
indicates that participation in the prOG3M encouraged a majonty of them
to attain higher levels of education. They indicated that they received
vaikabie expenences that influences therr career development.

PAGE 2
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BIOGRAPHY
ALVIN W, TRIVELPIECE

Alvin W. Trivelpisce dacame the Diractor of Qak Ridge National Laboratory
(OANL) and a vice-president of Martin Marienta Energy Systems in January
1889. Tnvelpiaca oversess the ressarch and development programs and
associated support operations at ORNL, one of the Dapantment of Energy's
(DOE's) muitiprogram energy laboratories. Activities at ORNL include appiied
research and engineering cevelopmant in support of DOE's fusion, fission,
conservation, and fossii ensrgy technology programs and basic scientific
research in selected areas of the physical and life sciences. These activities
invoive a statt of over S0C0 ang a budget of approximately $500 million,

During 1987-88, Triveipiece served as the Executive Officer of the Amsrican
Asseciation for the Advancement of Science. From 1981.1987, he was the
Diractor of the Office of Energy Research at DOE. Trivelpieca was corporate
vice prasident of Science Applications, Inc., in La Jolla, California, from 1978 to
1981, and from 1976 to 1978 he was vice presidant for engineering and
research at Maxwell Laboratories in San Diego, California.

Triveipiece was a profassor of physics at tha University of Maryland from 1968
10 1976 and was a professor at the University of California, Berkalsy, in the
Dapantiment o’ Eisctrical Engincenng from 1989 10 1958. Whila on lsave from
the University of Maryland, from 1973 10 1875, he served with the U.S. Atomic
Energy Commission as assistant director for research in the Division of
Controlled Tharmonuciear Ressarch.

A native Californian, he received his B.S. degree from California Polytachnic
State University in 1953, ana s M.S. (in 1955) and Ph.D. dsgree (in 1958)
fram the California Institute of Technalogy.

Trivelpiece was a Fulbrght scholar it the Netheriands from 1958 to 1959 and a
Quggenhsim Failow in 1967. MHe was named Distinguished Alumnus of
Canfornia Polytechnic in 1978 anu of the California I~~*itute of Technology in
1987.

Hig rasearch has focused ¢t plasma physics, contrulled thermonuciear
research, anc panicis acceisrators. HNe was granted several patents on
accaiaralors and microwave revices. He has pub'ished many papers in his
field, ang is the author of twe hooks un plasma physics.

He 15 a fellow of the AAAS, the Amencan Physical Socrety, and the Institute of
Electrical ang Electronics Engineers, and js 2 member of the Amencan Nuclear
Saciety and Sigma Xi.
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Ms. Lroyp. Thank you very much, Dr. Trivelpiece. Dr. Springer,
please proceed.

STATEMENT OF DR. ROBERT W. SPRINGER

Dr. Seringer. Madam Chairman, members of the Subcommittee,
I am extremely pleased by the Committee’s interest in this subject
in the role of the National Laboratories in science education and it
is indeed a privilege to be here and be able to share with you my
perspective on that from the point of view of having worked at Ar-
gonne now for eight years.

It seems to be generally agreed that the national labs are a scien-
tific resource of enormous magnitude, which can really have a sig-
nificant impact on science education at all levels. Dr. Trivelpiece
has mentioned that he feels the labs are under-utilized in that
regard and I certainly reinforce that.

Argonne, for example, has the largest program among the DOE
laboratories and we have considerable more capacity than is now
being used.

Ms. Lroyp. As you know, Congressman Schiff and I visited Ar-
gonne, we were there in February.

Dr. SerRINGER. Yes.

Ms. LLoyp. And I was most impressed with Dr. Lederman's pro-
gram on Saturday morning for the young scientists, the bright high
school students from the area, that participate in the program. You
certainly are to be congratulated. 1 hope that you continue the pro-
gram since Dr. Lederman is leaving, with renewed interest.

Dr. SeriNGeR. You will learn about that this afternoon from the
representative from Fermi Lab that will be here.

Mr. Schirr. 1 just want to add that although I represeni a dis-
trict in Albuquerque, New Mexico, my wife and 1 are natives of
Chicago, lllinois. My wife is a gruduate of the University of Chica-
go which manages Argonne, and if 1 even think of doing something
togladverse to Argonne, ] assure you I hear about it at the dinner
tabie.

Dr. SeriNGER. Well what 1 would like to do is convey to you
something of the nature of what we are doing and why and also
some sense of what more I think we could do, and try to provide
you with a measure of not only what can be done at national labs,
but what more can be done for science education.

We shape our program {o a great extent by the context in which
we operate. We are located, as you know, very close to the city of
Chicago and in those vast suburbs around it, s0 we have a great
opportunity for programming in the precollege area, particularly
that directed at the minority population in the city. The Laborato-
ry is also right in the middle of a very rich supply of educational
institutions of higher education as well. This ranges everywhere
from the small liberal arts colleges that are so popular in the mid-
west up to major research universities, private and public, some of
the most prestigious in the country. And so we feel a responsibility
for and there is an opportunity there to support science education
at that level as well.

In particular what we want to do—that is the major role of our
program—is to provide this large population of faculty and stu-
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dents with lar contact with the type of exciting, cutting edge
research anm science that goes on at the national labs. This re-
quires obviously a large scientific resource such as a national lab
and a lot of interested people.

As a major multi-purpose research lab, Argonne has the physical
resources that &u ame acquainted with out there, and as to
personnel, the Department of Energy in general and Argonne in
particular, have a long history of involvement in education, which
you have heard comments on already, since essentially the origins
of these organizations. This has the imponant consequence that
participation in these programs is a normal, expected thing. It is
g‘art of the culture at Argonne and also at the other laboratories.

he degree of cooperation we get as a result of this from the re-
search staff is extremely high and that provides us with the per-
sonnel resources we need, and of course that is critical.

So there is an opportunit{ there and a responsibility adequate
scientific resources, physical and human, and of course we also
need the financial resources.

Funding for these programs is obviously something that is on ev-
eryone’s mind today, so let me comment a little bit on that. Most of
the funding for programs at Argonne is provided by the Depart-
ment of Energy under the umbrella concept that Ms. Joseph men-
tioned, the Science Education Center. The Depar.mment now sup-
ports these Centers at six laboratories and the main idea of the
Center is that the program is viewed and funded as a whole rather
than as a collection of unrelated individual programs. That is im-
f)ortant when one is trying to support science education at as many
evels as we are, to have the flexibility and the ibilities for pro-
gram integration that the Science Center idea allows.

As to the level of funding, it has gone through a series of pla-
teaus, in my experience anyway. For £ veriod of something like ten
years—this was awhile back—the funding for these programs was
fixed, it was level and it was well below that needed to provide pro-
grams at all levels and also to have a real impact on science educa-
tion, given the size of the student and faculty population in the
country. We had essentially no programs in the precollege area
and our ability to provide researcg experiences for undergraduates
and research opportunities for graduate students was quite limited.

That began to change about four years ago and since then fund-
ing for our program has increased, and we have been able to add
important new programs that you have heard something about, at
the Yreeollege area and also in ihe undergraduate level. Unfortu-
nately, even though we all recognize an increasing need for these
sort of rtluin , we are at anot%:;ggfunﬁi plateau. There Jéztgg ti_n-
crease for these programs in and there is none proj or
1990. And as I indicated earlier, we have considerable more capac-
ity than is now being used. Not only that, but increases at this
point, given the infrastructure already being established, the in-
creases go primarily into having more participation from faculty
and students. The programs at onne, in my judgment, could
easily be effectively and efficiently doubled in size. I think that is a
reasonable measure.

Also I want to outline certain of the ﬁrogmms we are doing,
trying as mu~h as I can to not duplicate other comments.
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I certainly endorse the idea that we have to reach down as low
as possible in the precollege area to try to stimulate interest in sci-
ence and awareness in science and to try to do that for a large
number of students, and that creates one difficulty for us, because
it is difficult for us to bring large numbers of precollege students in
the lower grades to the lab for long periods of time. re are al-
ternatives to do that though and that is you simply form some
partnerships. One way we can do it is to work with teachers and
the other way is in a partnership with coll and universities.

You have heard mentioned the high school teacher associates
program this summer. Argonne is participating in that and a sig-
nificant portion of our appointments there will be for teachers in
the city of Chicago and we will be combining that with other ele-
ments of our program to provide in-service training, teacher insti-
tutes, summer institutes and so forth. And all of it working toward
providing a support network for teachers in the region and in the
city in particular. So we would like continual contact with these
people and for them to feel that they are not in that high school
with the large teaching burden and a low budget without any sup-
port at all. that they have a network of their peers and they have
people that they can ask for support at the laboratory.

e have had small programs for high school students for eight
or nine ~~ars. This is about 40 or so high school sophomores and
high school seniors that come each summer. In order to try tc
expand these programs and involve the large numbers of students
that 1 mentioned I think are necessary, we formed a formal coop-
eration with Chicago State University, that is primarily a 1ainority
institution in the city. And we are currently discussing a similar
sort of arrangement with Northwestern University.

We have had a large summer program for undergraduates for
many years and I want to emphasize also the importance of con-
tinuing that. It is in this undergraduate research participation pro-
gram we call it, that the students that we do get interested in sci-
ence really get to find out what a research activity and real science
is all about, and find out whether they really like it and they are
influenced in the sor's of fields that they choowe and get a first-
hand taste of what it really would be like to do it. It is that time
where I think their minds are really made up.

Sometimes we hear that our effor's o increase participation in
science ough* to be focused a lot more at the precollege level, 1
think we s -» have certainly a lot more than we now have there,
but we n * maintain the undergraduate and graduate pro-
grams a8 w.... The demand for cur urdergraduate program is ex-
tremely high. We typicall{, place 200 students each summer in our
undergraduate é)roggém We have applications from somewhere be-
tween 1,200 and 1,500, so the demand for this is very high. And it
is in response to this sort of thing that the Department formed the
semester program a few years ago. That will enable us to provide
ggponunities to a much more significant portion of these interest-

students.

And then having stimulated hundreds of students every year to
go on to graduate school and pursue research careers, it is only
natural that opportunities also need to be provided at the graduate
level. As Ms. Joseph mentioned, that is done a lot directly with
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universities, but there is also a need for pmirams at the laborato-
ries. We have 60 or 70 graduate students at the lab at any one time
doing thesis research and primarily thef;; are there because the
equipment that is available at the lab for their research is not
amebl' e at their home institutions, and that is an important role
for the national labs to Play in that aren.

It is also important for us to provide opportunities for facu'‘y,
not only faculty who are interested in research but faculty who are
interested primarily in teaching. For both of those, there are ap-
pointments available to again come and participate in research. We
also operate a large series of workshops and faculty institutes that
give them periodic updates on current developments ir research,
given them an introduction to the facilitier and programs at the
lab that they can later participate in.

Finally, we also provide teaching and research faculty in our
region with access {0 instrumentation at the lab. Instrumentation
again is another major problem facing educational institutions at
all levels and resesa*ch facilities and equipmen! is again something
that is in good supply at a national laboratory, so we try to facili-
tate access to equipment that is in the research divisions and also
in our own small teaching latvoratory.

So I will simply conclude then by reiterating that 1 think the na-
tional labs have a great deal of unused potential for support of sci-
ence education at all levels. We are very pleased that this has been
recognized by the Committee and that the Committee is interested
in finding ways of making greater use of this resource. I would be
glad to answer questions and provide you with any further details
you might need.

[The ovrepared statement of Dr. Springer follows:]
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Madam Chairman and Mambers of the Subcommities, I am extremely pleased by the
Committee's interest in the role of the national Isboratories in science seducation. It is a
privilage to be able to provide you with my perspective on that role, based on being Director
of Edueational Programs at Argonne for the past 8 ysars and a faculty member and
department chairman in a university engineering program for 15 years prior to that.

The national labs are a scientific resource of snoymous magnitude which can make
important and, in many ways, unique contributions at all lovels of science education. They
are greatly underutilized in this regard. Argonne has the Jargest program among the DOE
Inbs, and we have considerably mars eapscity than is curreatly being used. I hope to convey
to you the nature of what we are doing and why, and soune sense of how much more we counld
do. This should provids you with one impertant measure of what and how much can be done
for acience education at national laboratories.

The context in which we operate at Argonne naturally influences the nature and the
scope of pur program, both in general and in detail. Argonne is located very close to the city
of Chicago and in the midst of ite vast suburbs. Accordingly, we have & unique opportunity
among the DOE labs and with it a serious rasponaibility for programming in the pre-college
ares, particularly that directad at the large minority population in the eity The Laboratory
is also within a few hours of a very large number of institutions of higher education,
including many small, high quality, undergraduate liberal arts institutions, and some of the
nation's most prestigious research universities, both public and private. Both, as you know
very well, play important roles in science and snginsering education at the undergmduate
and graduate lovels. It is therefore also important that we support science education and
research at these stages as well. In particular, it is essential that as many as possible of this
huge population of faculty and students have regular contact with the type of exciting,
cutting edge research and "Big Science” that are the nationa) labe’ stock in trade.

The overall goal of Educational Programs at Argonne is therefore to offer programs
that provide this contact in a variety of ways, and in a broad range of scientific and
engineering fields for faculty and students at virtually all levels.

Such a task cbvioualy reguires a large scientific resource and many interesied people.
As a major multi-purpose ressarch laboratory, Argonne has the physieal resources that are
needad. As to personnel, the Department of Ensrgy, in general, and Argonne, in particular,
have long histories of national and international educational programs that go back almost




172

to the beginnings of these organizations. This has the important consequence that
participation in educational activities by the ressarch staff is a normal, expected thing. It is
part of the culture at Argonne and at other DOE labs. The degree of cooperation we get from
the research stafl is therefore extremely high and provides us with the personnel resources
that our goals require.

So there is need and opportunity, there is responsibility, and there are adequate
scientifie resources, both physical and human. Dollars are also necessary for student and
faculty stipends, for materiala and for effort on the part of staff from my Diwvision. Funding
for these programs is cbviously semething that is on all of our minds here today, so let me
move to that.

First, ] want to note that most of the funding for educational programs at Argonne is
provided by the Department of Energy under the umbrella concept of 8 Science Education
Center. The Department now supports such Centers at six of its laboratories {in addition to
supperting individus! programs at other labs). The main :dea of a Center is that the
program is viewsd and funded as a whole rather than as a collection of separate, individual
programs. It is very important when one is trying, as we are, to support science education at
sl levela and in many ways, to have the flexibility and the possibilities for program
integration that the Center concept sllowa.

As to the lavel of funding, the history and current situation is briefly the following.
For a period of something like 10 years, funding for these programs was fixed and well below
that needed to provids programs st all levels and on a scale that would result in a real
impact on science vducation. We had essentially no programs in the pre-college area and
research experiences for undorgraduates and for graduate students were extremely dollar-
limited. This began to change about four years ago. Since then, funding for sur programs
has increased, and we have been able to add several important new programs, particularly in
the pre-college ares, and also expand undergraduate programs considerably. Unfortunstely,
sven though the need for programs of this sort has become greater and increasingly
recognized, we have hit another funding plateau. There was no increase for education this
year and none is projected for FYB0. As I indicated earlier, we nave considerably more
capacity than is now being utilized. 1 belisve that we could effectively and efficiently double
the size of our current program. 1 want to emphasize that because our organization and our
programs sre, for the most part, in place, funding increases at this pomtm“ largely be used
to increase student and faculty participation.

0
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At this point | want to briefly cutline what we are doing st each level in more specific
terms, and what we estimate our capscity to be in each case.

It is important that we stimulate and support interest in and awareness of science
from an sarly age, and to do 0 for a largs number of students. The further one reaches into
the lowsr grades, the more students one has to address. We havs limitations on our ability
to bring lnrge numbers of very young students to the Laboratory for long periods of time.
But there are alternatives which still enable us to reach large numbers of students. One is
to work with teachers. Ths other is to work in partnership with eolleges and universities.
We are doing both.

The Department of Energy has initiated this year a new national program for high
school science teachers which will bring 20 teachsrs to our Lsboratory for the summer.
During the coming years, we plan to combine first-hand participation in research during the
summer through this program with a variety of workshops and teacher institutes during the
academic year to build a continuing support network for science teachers. A substantial
portion of this effort will be directed at teachers in the city of Chicago. Through this support
network, teachers will be able t increase and renew their knowledge of science, to stay
current with esciting new developments, to arrangs for class tours, and to bring interesting
guest lecturers and demonstrations to their classrooms. We can accommodate twice the
number of teschers that this new program will support and, along with several other labs,
we are seeking additional support for this from the National Science Foundation. If we are
successful, teachers from lower grades will be included in the program. We also conld offer
at least twice 83 many In-Servies programs and teacher institutes as current funding levels
allow. Personally, ’ think this is one of the most important programs we can have. Teschers
of science at the middle and high school levels